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ABSTRACT 


Glacial deposits, consisting mainly of till and glacio- 
lacustrine deposits indicate three or possibly four major ice 
advances. The First Glacial Event is inferred from fragmentary 
evidence of a possible Rocky Mountain till and associated glacio- 
lacustrine deposit, preserved within the ancient Calgary Valley 
drainage system. The other three glacial events are associated 
with the advance of Laurentide ice. The Second Glacial Event 
is represented by widespread till deposits preserved on upland 
areas around Calgary as well as in the ancient Calgary Valley. 
Recession of this glacier ice sheet resulted in deposition of 
Peeeinaus tril and Indus-sitt and clay. “The Third"Glacial Event 
was also quite widespread and involved coalescence of Rocky 
Mountain and Laurentide ice. Damming of the Calgary Valley 
resulted in the formation of numerous glacial lakes which 
drained southward as represented by position and elevation of 
meltwater channels and the presence of delta lobes. The Bedding- 
ton till and Beddington silt and clay were deposited during this 
episode. The Fourth Glacial Event, also from an eastern source, 
was short lived. Deposits associated with this advance are 
thin, except where they infilled pre-existing drainage channels. 
DeWinton till and DeWinton silt and clay were deposited during 


this last episode. 


Elucidation of the Pleistocene stratigraphy of the Calgary 
area has been aided by a newly developed subsurface technique 
Touma oitrerentiatlon and .correlation. ~The liguid Jamit 
parameter uniquely identifies four tills, one for each glacial 


event. 
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CHAPTER: I 


INTRODUCTION 


Seudy Objectives 


General Statement 


Many attempts have been made over the last twenty years 
to decipher the glacial history of the Calgary area. The 
glacial deposits of this area are a complex assemblage of 
sediments derived from both Cordilleran and Keewatin ice 
sheets. This complexity results either from incorporation 
of debris of a previous advance by a subsequent advance, or 
from mixing of both western and eastern ice where coalescence 
has occurred; or from interbedding of deposits where glacier 


fronts have oscillated. 


A fundamental assumption has been that all crystalline 
igneous and high grade metamorphic rocks found in the drift 
were derived from the Canadian Shield and that all carbonate, 
“quartzite, chert and volcanic rocks found in the drift were 
derived from the Cordillera. In view of the possible mixing 
mechanisms previously mentioned, the issue of just how many 
Shield-type stones are required to constitute an Eastern source 
has never been resolved. It would appear that parameters such 
as pebble lithology would only be indicative for the first 


advance. 
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The mixing has imposed limitations on the classical 
EeChniIGues=Of~ ts LIN GiTVerentiationsand correlation. '' For 
example, Rutter (1965), in his study on the surficial geol- 
ogy of the Banff area, concluded that till sheets could not 
be differentiated on lithologic characteristics. As a result, 
reliance was placed on geomorphic criteria and the relation- 
ship between tills and other glacial deposits in deciphering 
the, stratigraphy. ©*Similarly (“Boydell (1972), in his’ study ‘on 
the surficial geology of the Rocky Mountain House area, states; 
"It is concluded that although the heavy minerals support the 
gross differentiation achieved by the pebble counts, the es- 
tablishing of relative ages by laboratory analysis will not 
add significantly to the evidence provided by the morphological 


and stratigraphic studies." 


Within the immediate Calgary area, Tharin (1960) postu- 
lated two major advances, while Morgan (1966) and Glendinning 
(1973) found only one. Yet all three workers used essen- 
tially the same classical till differentiation techniques on 


the same deposits! 


Objectives 


In view of the apparent shortcomings of the classical 
till differentiation technigues in certain areas, it was 


decided to experiment with a new method. 


To this end, the study addresses the following objec- 


tives: 
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- to attempt till differentiation and correlation 
utilizing the concept of Liquid’ Limits; 

- to apply this new technique to a complex stratigraphic 
area, such as Calgary, in order to evaluate its use- 


fulness in eludicating the glacial history of an area. 


Location .of Study Area 


The study area is situated near the City of Calgary in 
Pouchern Alberta (Migure= 1-1) this study is part of a larger 
study being conducted by the Research Council of Alberta on 
the urban geology of the Calgary area. The study area is 
eovercdsby, Townships: 21 7Lo 26, 9Ranges 29 and 29, West of the 


Fourth Meridian and Ranges 1 to 4, West of the Fifth Meridian. 


The area is covered by the following 1:50,000 National 
Topographic System maps which have been used as base maps for 


this project: 


S2=— O71 Calgary 
82 - J/16 Priddis 
82 - P/4 Dalroy 


C2 ALAS Dalemead. 


General Physiography 


For purposes of discussion, the Calgary area is divided 
into geomorphic elements on the basis of topographic expres- 
sion. The study area is found within two physiographic re- 


gions; the plains to the east and the foothills to the west. 
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Figure 1-1 
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The western half of the area is characterized by prominent, 
bedrock controlled uplands which are refferd to as Big Hill - 
Nose Hill, Cairn Hill, Copithorne - Towers Ridge, and Pine 
Ridge. All of these upland features lie above an elevation 


of 4,000 feet a.s.l. (Figure 1-2). 


The Big Hill - Nose Hill complex trends northwest - 
Soutnecasiteand covers muehtlorm Twowi25; Rge.i2, and Twp. 26, 


Rge. 3. 


Prominent inthe vaicinEtylofsthe CatyfoLtCalgary is the 
large, flat-topped Cairn Hill, which separates the Bow and 


Elbow River Valleys at the western edge of the city. 


Commencement of the foothills region is marked by the 
Copithorne - Towers Ridge complex which occupies most of the 
western edge of the study area from south of Cochrane to 
Miilarville. This extensive upland area covers Twps. 21 - 25, 


Rge. 4, W5M. 


Pine Ridge, trending northwest - southeast, is separated 
from the Copithorne - Towers Ridge complex in the southern 
part of the study area by a flat lowland referred to as the 
Priddis Lowland. This lowland slopes northward from an 
elevation of 3,897 feet near Threepoint Creek to an elevation 


Ores, vooureeta just. north (otarrzdaus:. 


Two other prominent upland areas also warrant mention. 
High Butte, located within the Camp Sarcee Military Reserve 


(fwpi 23) Roe..)2), WOM) rises! to-about 3,900 feet a.s.1. and 
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Figure 1-2 Physiographic Features 


separates the Elbow River and Fish Creek Valleys. To the 
BOrthn OL ;Calgary, in Twp.226,. Roe.s 29, °W4M,. there, occursi:.a 
series of elongated ridges trending northeast - southwest that 
pEse tO an elevation Of;aboutso ,600, feet... This.-topographic 


feature is called. The Sharp Hills. 


The eastern half of the area is rolling prairie with a 
regional slope down to the east. Much of this area is a 
gently rolling to undulating plain with numerous intermittent 


sloughs generating a deranged drainage pattern. 


One other distinctive feature is the hummocky topography 
and deranged drainage found on top of the Big Hill - Nose 


Hill ridge. 


Two major rivers, the Bow and Elbow, flow east across 
the area. In addition, Fish Creek is found in the southwest 
corner of the map area, and Beddington and Nose Creeks occupy 
prominent, well-defined glacial meltwater channels north of 


Galgary. 
Review of Previous Research 
Stratigraphic Studies in the Calgary Area 


A number of studies have been conducted within the 
Calgary area which are of importance to the present study. 
These include: .Tharin (1960), Morgan.(1966),. Rutter and 


Wyder (1969), Glendinning (1973), and Jackson (1977). 


Tharin (1960) found evidence for two major glacial 
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advances. The first advance (Spy Hill), from the west, depo- 
sited outwash debris down the regional slope to the east and 
northeast. This outwash was subsequently incorporated in 
advancing eastern ice (Lochend). The second major advance, 
from the west, (Morley ice) extended east only to the Jumping 
Pound River and left the northwest trending Spy Hill ridge 
unglaciated. From the north, a deflected lobe of ice (Balzac) 
Proughnte, the Poothills Erratics Train «(Stalker, 1956), into the 
Calgary area contemporaneous with re-advance of eastern ice 


fCrosscireid). 


Morgan (1966) postulated a single advance incorporating 
western ice, Erratics Train ice, and eastern ice with Erratics 
Train ice representing the zone of mixing between the other 
EwO. ‘Stagnation of the main tiow of Erratics Train ice was 
linked with evidence from Glacial Lake Calgary and associated 
meltwater channel deposits to show that the lake followed the 
ice-front as the ice-front receded eastward. Morgan also 
found evidence for a western till in the Burns enannet which 


pre-dated the deposition of the overlying Erratics Train ice. 


Glendinning (1973), following Morgan, postulated a syn- 
chronous western ice (Till A), a mixed zone (Till B)., and an 
eastern ice. Glendinning extended Morgan's work southward 
into the Bragg Creek, Priddis Creek and Lloyd Lake area where 


he deciphered the deglaciation of Lake Calgary. 


A fourth study, by Rutter and Wyder (1969), involved the 


Grilling of 19 boreholes in the City of Calgary. Although 
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the chief purpose of their report was to evaluate the use- 
fulness and limitations of borehole stratigraphic techniques, 
they also provided data on possible new stratigraphic rela- 
tionships previously left unanswered by surface mapping tech- 


higues. 


Jackson (1977) found evidence for four glaciations in the 
Alberta portion of the Kananaskis Lakes map sheet (82 J), two 
of which involved the Priddis map sheet (82 J/16). The oldest 
of these involved the coalescence of Bow Valley Till from the 
west with mixed western-eastern Erratics Train Till. The 
latest glaciation involved an advance of the Laurentide ice 
sheet that blocked the Bow River Valley and caused deposition 


of the glaciolacustrine Midnapore Silts and Clays. 
Engineering Studies of Till 


A number of studies on engineering properties of tills 
have been undertaken in the last twenty years by civil en- 
gineers. The bulk of the research work has been directed to- 
ward classifying tills in terms of their engineering property 
behaviour rather than for till differentiation. However, 
albeit indirectly, these studies have indicated that till 
differentiation is possible using such parameters as natural 
moisture content, shear strength, Atterberg Limits, com- 


pressibility characteristics and grain “size ‘distribution. 


Rominger and Rutledge (1952) used soil mechanics data 
in the correlation and interpretation of Glacial Lake Agassiz 


sediments. They successfully used the concept of 
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preconsolidation stress to identify three old drying-out 
surfaces within the Lake Agassiz clay. Previously, the glacio- 
lacustrine deposits were thought to have been formed during a 


Single depositional stage of glacial Lake Agassiz. 


Misiaszek (1960) and Peck and Reed (1960), in their 
study on Chicago subsoils, concluded that contacts between 
till sheets could normally be located by conspicuous changes 


in natural moisture content. 


Chryssafopoulos (1963), employing stratigraphic tech- 
niques, investigated a number of tills from moraines surroun- 
ding Lake Michigan. He used particle size distribution, par- 
ticularly those sieve sizes at which 80, 60, and 40 percent 
by weight was passing, together with the minus 200 fraction. 
Chryssafopoulos actually was concerned with identifying tills 
rather than with classifying them for engineering purposes. 
The tills were all clayey and it was found that the data from 
the minus 200 sieve fraction was sufficient to distinguish 
the various tills. His analysis confirms that tills do not 
randomly vary in particle size distribution, but conform to a 


reasonably predictable pattern for any given ice sheet. 


MacDonald and Sauer (1970), in their study on engineering 
properties of tills in the Saskatoon area, successfully separa- 
ted the Battleford, Floral and Sutherland Tills on the basis 


of Atterberg limits and grain size analyses. 


McGown (197) an his study, on tills in Scotland, used 
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an approach similar to that of Chryssafopoulos. McGown used 
the fine soil fraction to classify tills for engineering pur- 
poses. He discovered that when the bimodal size distribution 
of tillswas split into two, the fine fraction showed a high 
degree of conformity within tills derived from the same parent 


rock) Eype and with similar glacial histories: 


Fookes et al (1975), during their engineering geology 
Scuay £O0r the Hartlepool "A" Power Station in England, iden- 
tified a lower, middle and upper till separated by fluvio- 
glacial or glaciolacustrine deposits. No data was obtained 
on the lower till; however, the middle and upper tills were 
distinguished by their moisture content and liquid limits. 
The middle till had a moisture content of 10 to 16 percent 
and.a diquids limi tprange- of, 27eto-40epercent ,awhvle) thesupper 
till hada-moisture, content ofsd9 to-25ypercent, dnd a; liquid 


lamsthrange of 36° to 53 percent. 


Bdiljeteailj A19d7 )pnangtheizrastudyeot tildsjalongethe, Lake 
Michigan shoreline, identified a lower, middle and upper till 
separated by glaciolacustrine or deltaic deposits. The lower 
till was non plastic with a natural moisture content of 4.8 
percent. The liquid limit of the middle till averaged 24.3 
percent and the natural moisture content 15.6 percent whereas 


thepupperhtillehad 30.<5#andseil7o2epenrcent;eusespectively: 


In general, geologists have provided the stratigraphic 
framework of the tills and the engineering discipline has 


attempted to categorize till properties within that 
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pre-established framework. The independent studies have in 
fact reinforced one another with respect to till differentia- 
tion. To the author's knowledge, no attempt has been made to 
actually use engineering properties to produce the strati- 


graphic framework. 


Method of Investigation 


Borehole Program 


The present study is limited to a subsurface analysis of 
till units. Data for this research work was derived from 301 
test holes drilled on behalf of the Research Council of Alberta 
during the summers of 1974 through to 1978. Of the 301 test 
holes, 132 were chosen for detailed analyses, because of pre- 
sences Of multiple str lisrerFrorethick "sections of till. Bag 
samples were taken at 3 to 5 foot intervals in most of the 


test holes. 


The locations of the test holes used in this study are 


indicated on Figures 1-3 and 1-6. 


Laboratory Program 


The object of the laboratory program was to evaluate the 
usefulness of the ligquid limit parameter to differentiate 
ta bse Thesiavquid simitetest was mconductedr oneal, tilt 
samples and some glaciolacustrine, fluvioglacial and bedrock 
samples. To evaluate the usefulness of the liquid limit 


parameter for differentiating tills, other physical properties 
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such as: texture, natural moisture content, carbonate con- 
tent and percentage of igneous - metamorphic grains within 
the coarse sand fraction, were chosen to provide an indepen- 
dent check. Alberta Research also determined the clay 
mineralogy of some samples. However, as this property can be 
expected to relbatestohtheslmquidalimity it psc<notsan rndepen- 


dent measure of the usefulness of the liquid limit technique. 


Other Studies 


Additional data came from analysis of air photographs 
and topographic maps. The air photo work was undertaken on 
MeoOo0 photos silown in) bo /4eands 1:80, 000,photos flown in 
1970. It was used chiefly to assist in identifying various 
till advances and/or retreatal stages by determining ice 


margins, morainal ridges and ice marginal channels. 
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RESEARCH METHODS 
Pneroduction 


During the 1974 to 1978 drilling seasons, samples were 
collected nigerously.at 3fto 15 foot intervals, sThesvast 
majority of the test holes were drilled by using the dry auger 
method, the others, by the rotary method. With the latter, 
both cutting and sidewall core samples were retrieved for 


laboratory analysis. 


The major emphasis in the laboratory program was the 
measurement of the liguid limit of virtually all till samples. 
Five other parameters were analyzed to confirm or reject the 
apgtaty of “the liquidwsiimit sto, dittrerentiate trilis. | These 
parameters are: texture, natural moisture content, percent 
of igneous-metamorphic fragments, carbonate content and clay 
mineralogy. To verify the potential of the liquid limit 
technique, it is necessary to use other physical parameters 
which are totally independent of the liquid limit. In this 
respect, the clay mineralogy is related to liquid limit and 


therefore does not qualify as such a parameter. 
Laboratory Methods 
Textural Analysis 


A 60 - 70 gram sample and 50 ml of 4 percent calgon solu- 
tion were placed into a plastic graduated beaker and diluted 


with 300 ml of distilled water. The slurry was mixed for two 
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Minutes by an electric mixer. The clay fraction was then 
determined by employing Stokes' Law. A time was calculated 

at which all particles greater than 0.002 mm would have passed 
a given point. For convenience, this point was equated to 
one-third of the volume of solution. The clay suspension was 
Siphoned off using a fine capillary tube and evaporated to 
dryness. Assuming a uniform suspension, the total weight of 
clay would be three times the measured dry weight since 
exactly one-third of the volume was removed. The remainder 

of the suspended material was passed through a #230 mesh sieve 
(0.0625 mm). The material retained on the screen, after wet 
sieving, represented the sand fraction. This method allowed 
rapid determination of the relative proportions of sand, silt, 


and clay. This data has been expressed as the ratio 


where: S = percent sand 


ce 
II 


percent silt 


@) 
II 


percent clay. 


Textural analysis is the tripartite division of the minus 
2mm fraction of material unto sana (2.0-— (0206025 moe, Silt 
(0.0625 - 0.002 mm) and clay (finer than 0.002 mm). Its use, 
in the geologic literature, is based on the assumption that 

a given deposit can be identified by the relative percentages 


of each of these three end members. 


The data for the S/(M+C) ratio is tabulated on the various 
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stratigraphic logs contained in the Appendix. 


Natural Moisture Content 


Dupinggche drillingsor boreholes. inythe,field,.a 
sample was taken every five feet, trimmed, cleaned and 
placed in a plastic vial for natural moisture content deter- 
mination. An electric balance was available so that each 
evening all the vials could be weighed. This process was 
adopted in hopes of reducing any moisture loss during pro- 
longed transportation or storage. Later, all samples were 
oven dried at 105° c for 24 hours and the natural moisture 


content determined. 


This parameter has been found to be useful for differ- 
entiating either between tills or between till and other 


glacial deposits. 


The natural moisture content data is tabulated on the 


various stratigraphic logs contained In the Appendix. 


Igneous - Metamorphic Content 


A 50 to 100 gm sample of air dried till was lightly 
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crushed and washed through a nested No. 18 and 35 sieve. 
The material passing the No. 18 sieve, but retained on the 
No. 35 sieve, represented the coarse sand fraction. The 
sample was then dried and point-counted for the percentage 
of igneous-metamorphic fragments using a binocular micro- 
scope. The percentage of Shield-type lithologies such as 
granites, gneisses and schists has been used extensively 
to distinguish between Continental and Cordilleran ice 


sheets. 


The igneous-metamorphic data is tabulated on the 


various stratigraphic logs contained in the Appendix. 
Carbonate Content 


The total carbonate content present in the minus 200 
(0.074 mm) fraction of the till samples was determined using 
the Chittick, Gasometrac methodmas outlined by Dreimanis (1962). 
The volume of carbon dioxide evolved in the reaction of an 
approximate 175 "gram sample and..20 cc of .6Nihydrochloric acid 
was standardized to 22° Centigrade and one atmosphere pressure, 
then converted to grams of carbon dioxide and expressed as 


a calcium carbonate equivalent. 
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The calcium carbonate data is tabulated on the various 


stratigraphic logs contained in the Appendix. 


Clay Mineralogy 


Tharin (1960), who studied the clay mineralogy of the 
tills in the Calgary area, concluded that eastern tills had 
illite and montmorillonite in approximately equal amounts, 
and western tills had an illite content three times that of 
montmorillonite. The high montmorillonite content is asso- 
ciated with Cretaceous bedrock east of Calgary and it is 
almost absent in the Tertiary bedrock underlying and to the 
west of Calgary. Since till is composed of approximately 
80% local bedrock material, it might be feasible to determine 
eastern versus western tills on the basis of the clay minera- 


logic assemblage. 


Using a semi-gquantitative estimate obtained from relative 
peak heights, till samples were analyzed by D. W. Scafe of 
Alberta Research for percentages of illite, kaolinite, mont- 
morillonite and chlorite. The illite and montmorillonite 
percentages were used to generate the ratio I/(I+M) where: 


al 


percent 21lTite 


M percent montmorillonite. 


Data for clay ratio is tabulated on the various strati- 


graphic logs contained in the Appendix. 
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Brquid Limit 


An air-dried sample of 100 - 200 grams (minus 40 mesh) 
was mixed with distilled water to form a smooth paste and 
allowed to equilibrate for a minimum of 8 hours prior to pro- 
cessing. The liquid limit was determined by measuring the 
depth of penetration of a 60 gram, 60 degree cone into a small 
mold filled with the soil paste according to the method of 
Hansbo (19570. In reality, this method measures an undrained 
shear strength which can be converted to a liguid limit value. 
There are three advantages to using the falling cone method 
of Hansbo. These are speed, elimination of operator bias, 
and derivation of value for sandy materials which usually 


cannot be run using the Casagrande liquid limit device. 


Hansbo (1957) gives a chart (Table II, page 45) showing 
depth of cone penetration (h) versus shearing resistance (Tf). 
From Bison's. (in Norman, 1959) curve fittang formula 

NO. £0 
LL = 35 X Mc where N = the number of blows and Mc the 
moisture content for that number of blows. The LL determined 


from the Casagrande device may also be expressed as a shearing 


resistance. 


According to Scott (1963, page 23), the LL as measured 
in the Casagrande device corresponds to a shearing stress of 


2 
about 20 - 30 iene. Assuming a value of 27 gm/cm asa 
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standard, the LL then corresponds to a shearing resistance of 


0229.7 ee for the units used by Hansbo (1957). Therefore, 
in Elson's equation above, os may be replaced by ae to 
A ee 0.10 
give LL (cone) = 0.2907 SoenC. 
where LL = liguid limit 
T£ = shearing resistance 


Mc moisture content. 


It.was.found= that LLi(cone) could.be converted..to. LL 


(Casagrande) by the following equation: 


y = 0.7835 x + 6.9676 


where y = LL (cone) 


LL (Casagrande). 


x 
ll 


Derivation of this equation was based on 78 trials with 


amcorrelation coefficient of 0-38. 


The liquid limit data is tabulated on the various strati- 


graphic logs contained in the Appendix. 
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CHAPTER: Ji. 


DISCUSSION OF LIQUID LIMIT TECHNIQUE 


Definition of Liquids Line 


Atterberg Limits are index properties used by geo- 
technical engineers to classify soils. The limits are based 
erachesconcept that a soil can exist in any one of four 
States: ) §SOlid, ssemi~solvd, plastic and Tigquid; depending 
on the water content. The water contents, expressed as a 
percentage, at the boundaries between these stages are 
Sarteomsnininkage;simit, plastic Limit and) jaguid limit, 


respectively. 


From a geological point of view, soil mechanics proper- 
ties can be subdivided into those that depend almost exclu- 
Sively on the source and depositional environment of the soil 
(primary) and those that depend mainly on post-depositional 
history (secondary) of the deposits (Rominger and Rutledge, 


oD 2) a 


The primary properties consist of parameters ate 43 
grain size distribution, Atterberg Limits, permeability and 
compaction characteristics, while properties like natural 
moisture content, unconfined compressive strength, shear 
strength relations and consolidation characteristics are 
secondary in nature since they are affected by post-deposi- 
tional loading history. In general, the primary properties 
are measured in tests on completely disturbed or remoulded 
soil samples, whereas the secondary properties are determined 


from tests on undisturbed samples that essentially represent 
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The boundaries or "limits" at which the soils change 
from one state to another are controlled by a number of inter- 
related factors (Grim 1950, 1953, 1962) and are summarized as 


follows: 


(1) kind and relative abundance of clay minerals; 

(2) kind and relative abundance of non-clay minerals 
suchas quartzior)feldspar;, in’ the less-'than 2 
micron’ range; 

(3)° grain size distribution of both clay and non-clay 
minerals; 

(4) amount and grain size of organic material; 


(5) kind and abundance of exchangeable bases. 


Considerable work has been done by Seed et al (1964a, 
1964b) dealing with the effect of clay mineralogy on the 
Atterberg Limits. Their research has been done on artifi- 
cially prepared mixtures of quartz (less than 2 mieeon =rac= 
tion) and commercially available pure clays. Seed et al 


have drawn the following conclusions from their work: 


(1) liguid limits increase with an increase in. clay 
CONEENE; 

(2) liquidwilimits ancrease with a decrease ain particle 
size; 

(3) liguid limits increase with an increase in organic 


matter content; 
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(4) liquid limits increase with an increase in cation 


exchange capacity. 


Nowak Hypothesis 


Based on some earlier work with plastic and liquid 
limits of tills, the author observed a remarkable consistency 
in liguid limits in contrast to the generally accepted hetero- 
geneous Nature of till. This ted to the postulation that 
Atterberg Limits might uniquely define till advances. The 
theory was supported, in part, albeit indirectly, by work 


published by Boulton and Paul (1976). 


Dreimanis and Vagners (1971) had demonstrated that the 
mineralogy and grain sizedistribution of glacial debris was 
related to its source rock and distance of transport. Many 
of the fundamental geotechnical attributes of glacial till 
are acquired during the erosional and transportation phases 
in which initial mineralogy and grain size are determined. 
Boulton and Paul, (1976) ¥sttdied-a number of tilis of known 
Origin at the margins of modern’ glaciers and concluded “that 
for debris in transport by any one glacier, the relationship 
between plasticity index (liquid limit minus plastic limit) 
and liquid limit is constant, but that subsequent modes of 
deposition may introduce considerable variation in these 


parameters". 


The Boulton and Paul: data is illustrated’ in. Figure 3-1: 


Data plotted for englacial debris or unaltered lodgement till 
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10 Other, undifferentiated modem tills 
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Fic. 3. Liquid limit/plasticity index plot for tills of known origin at the margins of modem 
glaciers. The solid symbols represent engiacial debris or unaltered lodgement til] derived from 
it. These define a straight line, the T-line, which primarily reflects the nature of the grain-size 
distribution. Percentage clay in the sample increases along the T-line from left to right. The 
grain-size changes which commonly occur in flow tills due to sorting processes, and the mixing 
of lodgement tills with other subjacent sediments due to subglacial deformation move points 


away from the T-line. 


Figure (3-1: 


Liguicgiamic/ plasticity index plor fox 
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defined a straight line referred to as the T-line. This 
tTlinesgprimars ly reflects the nature of the grain size 
distribution with the percentage clay increasing along the 
T-line trom tert to right... The grain size ‘changes- which 
occur in flow tills due to sorting processes as well as the 
mixing of lodgement tills with other subjacent sediments, 


move points away from the T-line. 


It appears reasonable to assume that in the predominantly 
Sontunental glaciation Of the prairie region, .the liquid 
limit approach to till differentiation should work since 
post-depositional modifications to predominantly lodgement- 
type till would be limited to reworking of upper till boun- 


daries with subsequent glacial advances. 


The following quotes from various authors tend to 
support the hypothesis that the liquid limit can be used to 


uniquely define distinct glacial advances: 
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Boulton .and Paul ~(1977'6). ».. 164 


We would suggest that the Atterberg Limits 
serve as good quantitative indicators of the 
fundamental properties of the debris which 
is deposited as till. 


Christiansen (1960) p. 26 


In reference to Qu'Appelle Tills - Atterberg 
Limits are the most suitable physical char- 
acteristics for the description of the gross 
aspect: of till. 


BOtigetra li GLI) 7) 


The glacial till deposited by a single ice 
advance is usually found to be relatively 
uniform, with respect to its geologic char- 
acteristics over a fairly large area, and 
it is suggested that the same relationship 
holds with respect to its geotechnical pro- 
perties. 


Shepps (1953) 


However, it has been argued that the compara- 
tive homogeneity of a till throughout a con- 
Siderable area implies thorough mixing and 
hence long distance of travel, at least of the 
fine fraction. 


White (1972) 


Tills vary greatly among themselves, but each 
individual till sheet is more or less uniform 
in its properties over distance of miles. 

Characteristics of a till sheet change slowly, 
generally in a direction normal to ice motion. 


Rominger and Rutledge (1952) p. 174 


The relative values of the correlation coeffi- 
cients for the Grand Forks - Fargo data indicate 
that natural moisture content and liquid limit 
are the most valuable of the properties in stra- 
tigraphic correlation. 
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Supporting Data for Liquid; Gimit Technique 
General 


Thevability otf the diquid limit technique to identify 
Grstinct, till units ;is supported by other physical property 
GCetermrmations. These are: (a) stratigraphic relationships, 
(b) percent igneous-metamorphic fragments, (c) textural 
analysis, (d) geophysical response, and (e) fabric analy- 


Sis. 


Stratigraphic relationships and percent igneous- 
metamorphic fragments constitute the most significant evidence 


for till differentiation by the liquid limit parameter. 
Stratigraphic Relationships 


Dunang postulation of the Liquid Limit differentiation— 
correlation technique in 1974-75, none of the test holes 
Grilled at that time had encountered any convincing mei tials 
tale isections., During theslovenang 1977 dralling seasons, 
this information became available and serves as the most 
powerful confirmation for the new theory. Presence of mul- 
tiple till sections has enabled the establishment of "key" 
borehole sections which can be used to trace the various till 


units over the study area. 


Figures 3-2 to 3-4 reflect the four main tills encoun- 


tered in the Calgary area. With the exception. of test hole 
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Test Hole 76-87 
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Figure 3-4: Liquid limit tills supported by 
stratigraphic position 
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76-87, the others show thick glaciolacustrine sediments 
(varying in thickness from 42 to 53 feet) separating an upper 
and lower till. Based on stratigraphic position and the liquid 
limit values, four different tills can be approximated by the 
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Percentage of Igneous-Metamorphic Fragments 


Within a given till section, the percentage of igneous- 
metamorphic fragment shows a distinct difference in content 
fOr senesvarious Liquid) limit till units. For example, 
PIguremso illustrates a multiple till. section with 2 till 
units - 32.1 and 28.9. The corresponding igneous-metamorphic 
content also shows a very contrasting break of 25.5 versus 
©.) percent, respectively. A second example, Figure 3-6 
Tilustrates, a,Similar contrast,, out Lor twovtills in contact. 
The weper till has a DJigquid limit (GL) of 32.7) and an igneous- 
metamorphic (IM) content of 28.7 while the lower till has an 


LDwot 34 28) and-an “IM of 4 468 


While the igneous-metamorphic content is associated with 
a change in liquid limit within a given borehole, this rela- 
tionship is not so consistent from borehole to borehole. As 
an example, Figure 3-7 illustrates a rather inconsistent 
distribution of igneous-metamorphic fragments within the same 
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Figure 3-5: 
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An examination of the IM content in various test holes 
contained in the Appendix of this study indicates that it may 
be quite high or low for the same unit. However, in general, 
this phemomena appears to be related to topographic criteria. 
For till 31.5, an average IM content of 1.7 and 0.6% is present 
in test holes 76-108 and 75-14 which both occur in upland 
areas. The same till unit occurring as valley fill deposits 
contains 25.5 and 28.7 percent, for example, in test holes 
76-74 and 76-76, respectively. A similar relationship occurs 
£OBatiL1s3535 with anyiMevalueso£ 1:6 percent in the upland 
test hole of 77-45 as compared to 21.4 percent in the valley 
Fit letest hole of 76-37. —=The variability in: IM content 
appears to be a function of the erosional, transportational 
and depositional mode of the ice sheet explained as follows. 
For a continental glacier, the bulk of the material is trans- 
ported in the basal position according to the glacier process 
model of Clayton and Moran (1974), with decreasing amounts of 
material upward within the ice sheet. As the glacier en- 
counters upland and upland flank areas, local shearing takes 
place and local debris is added to the ice sheet in the 
intermediate or englacial position resulting in an apparent 
dilution of previous material. Tharin (1960) showed that 
the upland and flank positions within the Calgary area were 
covered by extensive Cordilleran-type outwash which became 


incorporated in westward advancing continental ice. It is 
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interesting to note that while the igneous-metamorphic con- 
tent can vary within the ice sheet as a function of elevation, 


Ene Liquid Limit remains quite consistent. 
Textural Analysis 


As indicated in the chapter on Research Methods, the 
percentage of sand-silt-clay has been recorded as a ratio of 
sand divided by silt plus clay. In general, the higher the 
ratio, the greater is the contribution by the sand size frac- 


eLtoumaviatals, theysanaqier vis the till. 


With respect to key multiple till sections, the textural 
analysis tends to support the difference in till type as 
determined by the liquid limit parameter. Two multiple till 
sections separated by thick glaciolacustrine sediments are 
shown in Figures 3-8 and 3-9. Note the excellent grouping 
and distinct difference in S/(M+C) ratio. A similar case 


with two tills in contact is shown in Figure 3-10. 


As is the case with the igneous-metamorphic content, 
there is excellent differentiation between tills in the same 
test hole, but the consistency is lost while tracing the same 
till from test hole to test hole. Continuity in units appears 
to be supported onlyvby the Jiquid limit in both the horizon- 


tal and vertical direction of a till sheet. 
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Figure 3-8: 
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Figure 3-9: Liquid limit tills supported by sand ratio 
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Figure 3-10; Liquid Wimze tills supported by sand ratio 
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Geophysical Response 


Geophysicat-logging; in particular the gamma ray log, 
effectively supports the use of the liquid limit parameter 
for till correlation. Although geophysical logging has ex- 
cellent potential for differentiating subsurface units, it 
is not used in the Quaternary field. Success to date has 
been made with other logs, particularly the spontaneous po- 
tential and single point resistance logs by Christiansen's 


work with the Saskatchewan Research Council. 


The natural gamma log is used to distinguish between 
sand and clay material. In general, the log pattern swings 
cOethne left for grander materzals and to the right with 
increasing clay content. The natural gamma log is very 
accurate in determining contacts between units and whether 
Or mot those contacts are sharp or gqradational. wDyck (1971) 
states "Properly used borehole logs provide the best geo- 
physical technigue to detect in-situ small differences in 


physical properties". 


Figure 3=-1ll illustrates “am application. of Dyck's state- 
ment to a till as recorded by a natural gamma log run by 
Alberta Environment. The figure is a longitudinal section 
through a buried valley south of Indus. Note the extremely 


consistent log response pattern across the three test holes 
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Figure 3-11: Gamma log response for a 
Consistent titi unit 
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with the exception of a sand lens at 77-26. The strati- 
Geaphtcrprolrile,) irometopecombOrecom, 1Sictill, soravel, and 


bedrock. 


Examination of the till units in the stratigraphic pro- 
files of Test Holes 77-25, 77-29 and 77-26 shows a very con- 
Sistent till as reflected by the liguid limit parameter. In 
Test Hole 77-25,the unit is slightly sandier in the upper 
48 feet. This is represented by a slight swing to the left 
on the gamma log and by liquid limits in the high twenty 


range. For the remainder of the test hole, as well as 77-29 


and 77-26, the consistent natural gamma response is reflected 


in the consistent liquid limit response. The liquid limit 
data can be summarized as follows to illustrate the above 


POINT: 


Vi-25 N*¥= 25 _ gS is yee Bae ie Be 
t= 29 N = 40 mG =) Ss5el 2°20 
TU SPRS Ni= 28 iis SUMS Se ae OO 


The natural gamma log also distinguishes between two 
tills within the multiple till section illustrated in Test 
Hole 77-22. The gamma log in Figure 3-12 reflects a till 
(2821) —On basis of J20qui1d Jdimitjmoverlying gravel, then 


capped by a thick glaciolacustrine sequence, the basal unit 


number of samples analyzed 
liquid limit mean and standard deviation 
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of which is a sand. This glaciolacustrine sequence is then 


Overlain by a slightly sandier till (32.4 on (basis of Neco eho! 


tims ti). 
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Fabric Analysis 


Glendinning’ (1973) singhis study on surface tilis in 
Calgary south of the Bow River concluded that three till 
fabrics could be identified - a westerly source near the 
Foothills, a mixed west and northerly source through Calgary 
and in particular, Cairn Hill, and an easterly source for the 
prairie east of Calgary. Although this study does not extend 
very far to the west, it is interesting to note that the 
change in till fabric for the central and eastern part of 
his study is substantiated by liquid limit defined tills. 

On Cairn Hill, the following test holes and Liquid limit data 


serve to illustrate the point: 
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Southeast of Calgary, where an easterly source direction 


is indicated, surface tills yield the following information: 


iP PAs, N = 25 Pi lo tell, 
A O51. Ne== 21 Shere oe) ge the oe 
PO on N = 28 Die SO 60 etaeciane 
WFR: N = 28 Lie 35.4 tl so 


ww ee | ’ vo 
z y 


ah ef{ad epelodh do eben etd oa Aen 
{iso sent Pais Bapentaee 25020 wih 


ai} yeon sotnos-yisasery, Ss ~ peithsi 


este sotua ce REARS BD itt aches ed es 
co > 


veer ied Agua: 
ripegepe na BRS fhee WpkG) v3 


' 


sits, dpomitdta er in? 


ari #0] Soomt/eod 


= a i 
Ad esd eton -o2 peittearagHth 25 ie “aaa aay 

3186 Nisecase OfnG .© iyedr ert ia% ‘ote thee 

Jif be Beattot simi! sane Po SacWiadeaecan, iy 


Htrpst Gem eeiat sams paiwot tet sane: Wesre 


4 ah imi: 
toe era seine 
5 , 
it * Ohl a 

+3 
a | & eh Sik e a oe 

7 Y 

Rid £ Sad SBE et ee 


“ao b USS: ate ge 


POE 


inigoerts ssaean Vitseess. a8) sien: Nitseled, tr 
ee 7] \ 


Khar ellis soet nee 


v 
: ia piel e 


otpsarvere? eniwoltod ate 


“y # lees as =u 


pit,» £20) ead a ae 


pee TS i ) 


46. 


where N number of samples analyzed 


LL liquid limit mean and standard deviation 


Interypretaciom Techniguesmsing thesLiquidjbimit Parameter 


A number of significant phenomena were revealed during 


the course of data analysis. These are: 


(1) use of natural moisture content to show influence 
of inclusions as well as map lithology; 

(2) weathering or slope wash influence on liguid limits; 

(3) ainfluence of sand or clay inclusions on liquid 
Limits: 

(4)> Gradationalecontacts:; 


C5) ae Gnu Sac, 


Moisture Content 


It was pointed out in Chapter 1 that others have success- 
fully used natural moisture content to define contacts be- 
tween till sheets (Misiaszek, 1960; Peck and Reed, 1960; and 
Milligan, 1976). However, that conclusion was not substan- 
tiated ian this study. iLteis thought that agenorcer sampling 
interval of perhaps 1 or 2 feet might help to delineate 
changes in till units much better than the five foot interval 
employed in this study. It is also possible that borehole 
geophysics could be used to map moisture content. Recent 


work by the United States Geological Survey using a percent 
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moisture calibrated neutron log appears to have some potential 


as a till differentiation and correlation technique. 


A point of interest arising from the use of natural 
MoL_sture content is its abilaty to distinguish different 
lithologic units within a given test hole. As so often is 
the case, there is only a fine distinction between a till 
and a non-laminated glaciolacustrine deposit with ice-rafted 
pebbles. This set of conditions is often met in the supra- 
glacial free water environment where flow till is associated 


with glaciolacustrine deposition. 


It appears that moisture content can readily be used to 
differentiate the two types of sediment. This phenomenon is 
illustrated in Table 3-1. When Test Hole 74-74 was drilled 
in the field, the entire sequence was initially interpreted 
as till. Closer examination of auger cuttings indicated 
interbeds of glaciolacustrine silty clay. In Table 3-1 note 
the high moisture content zones which reflect the clay-silt 
portion of interfingering till and lake sediments. These 
eecir Bt depths of 5, 10, 15725750, 557 Onmand o> tect where 
the moisture content exceeds 20 percent. The change in mois- 
ture content is supported by a change in sand ratio. The 
lower the sand ratio, the greater the influence of fine-grained 
material and hence the higher the moisture content. The mois- 


ture content and sand ratio serve to modify the unit to an 
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Table 3-l: Application of Moisture Content to 
Sediment Differentiation Within the 
Supraglacial Depositional Environment 


Test Hole 74-74 


Moisture Sand 
Depth Content Ratio 
5 2100 OF08* 
10 2516 ONDZ* 
Vis 14.69 O20\2% 
20 URS es 25 Ores 
25 Pde aie! 0.04* 
30 22.14 O80 3 
B85 18.99 0.07% 
40 19.39 On sAl 
45 Gg: ON OG 
50 K6nKLS 0.14 
5S more) yh Od 
60 893 OR 
65 PIDAN aS, 0. 05% 
10 E9O=00 0.16 
75 £83.95 - 
80 PGS Gx 0.32.4 
85 16350 O22 
90 L6e0S 0.19 
95 20830 OF07* 
20:0 ETA 0.226 
LOS 135,05 O30 


*interbeds of glaciolacustrine silty clay 
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upper glaciolacustrine deposit with flow till interbeds and 


es lOweL till untt-wiLtheminor Gglaciolacustrine, inclusions. 


The moisture content parameter also shows a remarkable 
ability to differentiate between sediment types as illustrated 
in Tables 3-2 and 3-3. In Table 3-2, the moisture content is 
able to distinguish between two glaciolacustrine facies, an 
upper silt and clay unit and a lower sand unit. Breaks in 
moisture content are also associated with the till and bed- 
rock Ainits. Table..3-3-ad1ustrmates! a. similar characteristic 
of moisture content, this time applied to alluvial, glacio- 


Yacustrine,;, tillisand: bedrock. wnits. 


Weathering or Slope Wash Influence 


Till at the surface weathers chemically through oxida- 
tion, hydration, leaching of carbonates, and by mechanical 
changes in particles and in till structure and in some down- 
ward movement of very fine materials (White, 1972). At the 
surface, these weathering horizons vary in thickness and 
degree of development among different tills. Willman et al 
(1966) in their study of weathering profiles of glacial tills 
in Illinois, considered the mineral composition of buried 
weathering profiles and the changes effected by weathering 
Inyenenpebb Le, .sand, silo wand clay fractions... In: the in-situ 
profiles, vertical grain size variation results from solution 


of carbonates, clay eluviation and illuviation, disaggregation 
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Table 3-2: Application of Moisture Content 
to Lithologic Determination 


Test Hole 74-68 


Depth (ft.) Lithology Moisture Content % 
5 lacustrine silt and clay 19.03 
10 lacustrine®silt and clay 1547.0 
15 Tacustrinersailtrand™ clay 17 4at 
20 LacuStfPinesstit cand’ clay £3436 
25 lacustrine silt and clay bs 8A 
30 LacuSefrnetsilteandeclay 14.55 
35 lacustrine silt and clay 5's 26 
40 lacustrine +stitland®clay 45.84 
45 lacustrine sand 22.42 
50 lacustrine sand 24.89 
fe: lacustrine sand 23%65 
60 lacustrine sand 23%59 
65 lacustrine sand 25259 
70 lacustrine sand 25382 
75 lacustrine sand 25.6 
80 lacustrine sand 25288 
85 lacustrine sand 26520 
90 lacustrine sand 26354 
95 lacustrine sand 26550 
100 lacustrine sand 26201 
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Table 3-3: Application of Moisture Content 
to Lithologic Determination 


Test Hole 74-65 


Depth (ft.) Lithology Moisture Content % 

3 al Povirer 4.73 
10 Wi Gh ycalkeeal b 5.0.3 
5 glaciolacustrine 23.90 © 
20 glaciolacustrine 29.85 
2D glaciolacustrine 2345 
30 glaciolacustrine Shee ai 
35 glaciolacustrine apg eo AS, 
40 glaciolacustrine PAA AEE) 
45 zo isibe 3S 
50 paakAbA ik 3:9 
ah) tidd 120821 
60 Gadel 18.48 
65 cx Ish 158 25 
70 cogned S b 16). 0 
75 CL lias peg 
80 corte ill 12262 
85 a il NPR) 


90 bedrock OF 67 
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and decomposition of silicate minerals. On the basis of 
weathering characteristics, the authors were able to define 
eight profile zones before encountering unaltered till. It 
was found that the percentage loss of silicate minerals from 
the pebble and sand fractions was quite small upward, and 
that decomposition of silicate minerals occurred primarily 
at the top of the profile. In addition, the clay minerals 
displayed a gradational upward sequence of alterations from 
the unaltered till, characterized by a progressive increase 
in expandable clay minerals, and in the uppermost part of 
the profiles, heterogeneous swelling clays. The implication 
here is the change in sand-silt-clay ratios as a result of 
mechanical and chemical breakdown of till. Differences in 
liguid limits between weathered and unweathered tills are 
shown by Smith (1968) in his study of surficial materials 


in McHenry County, Illinois (Table 3-4). 


From Table 3-45" it 1seapparene, that the digquid Limit 
reflects the increase in clay content as a result of the 


weathering process. 


Within the Calgary areay the upper five or ‘ten feet 
Of -a-given till unit has<a higher liquid lamaemchan the 


remainder of the unit. 


Examples of the change in liquid limit is illustrated 
by Tables 3-5 and 3-6. Table 3-5 indicates a liquid limit 
of 36.2 for the upper five foot sample which changes 


significantly at the 10 foot depth. Analysis of the sand 
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Table 3-4: Changes in Liquid Limits for Weathered and 
Unweathered Till (After Smith, 1968) 

no) 
G 
oO 
a) 
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o O 
Sages F 
4 ie q 
0) p ~ 3 
fe © ) p 
a ao a) > ue) v PN n) 
4 © 3 © a 4 i) d 
“4 oO a 4 Cs oo = O 
H = 2 © nn Wn 5) = 
Winnebago Xx 4 42 45 LS 9 
Winnebago x 3 39 BZ 26 15 
Marengo x 6 36 47 18 2 
Marengo me 3 26 40 See ths: 
Gilberts x 12 32 56 2 10 
Gilberts x 3 36 36 26 29 
West Chicago a 16 a3 41 6 PZ 
West Chicago ne 10 50 Al 16 ub 
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Table 3-5: 


14-19 


Weathering Influence on Liquid Limit, East 
Slope of Nose Hill Upland 


54. 


Table 3-6: 


74-34 


Weathering, Slope Wash or Slumping 
and its Effect on the Liquid Limit 
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Fatio indicates ia "Liningsupwards” jin the profile coupled 
with a higher moisture content associated with the increase 


ty Pines” content. 


The second example in Table 3-6 shows an upper ten feet 
with liquid limits in the mid thirty range overlying fairly 
consistent limit values with depth. The sequence is not 
comparible with surrounding test holes in the area. Its 
occurrence is interpreted as a weathering, slump or flow-till 


type of phenomenon. 


As a consequence of the examples cited, caution has been 
Usedpansdistinguishing a thin upper unit as a distinct 


TIVO une slam: t-" Gefrrmed till; 
Entluencesof Inclusion 


During selection of till samples for determination of 
the liquid limit parameter by the falling cone method, care 
was taken to avoid taking obvious inclusions of sand, clay 
or nearly disintegrated bedrock fragments, since they could 
be expected to locally influence the liquid limit value. The 
same influence can be seen on a larger scale, as illustrated 


in Tables 3-7 and 3-8. 


Table 3-7 ssra partial stratigraphic: profice, from Test 
Hole 76-81. Note the sand layer at 56 - 59 feet. The liguid 
limit values for this till average 33.4 percent which includes 
thevaintluence of ithe sand layer. The zone ELrom 30°>to 70 feet 


appears to be influenced by "dilution" of the higher limit 
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Table 3-7: Influence of Sand Inclusions 
on the Liguid Lorne 
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Table 3-8: Modifying Influence of Sand 
Layers on*the Liguid Limit of Till 
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values seen above and below this zone. Similarly, in Table 
s=0,) a Sard) layer occurs at 61 = 64 feet with limits being 


affected immediately above and below the sand inclusion. 


Although there are no pertinent examples, it appears 
reasonable to assume that a clay layer would have the reverse 
effect to that of a sand layer, namely to increase the liquid 


Limituimerthe area of discontinuity. 


Gradational Contacts 


In addition to the influence imposed on the limits by 
sand or clay inclusions, a similar phenomenon can be observed 
at the contact between units. Five examples serve to illus- 
ELA cCeomenecmerrect ora till/terllicontacts, till/sandvand. gravel 
contacts, till/bedrock contacts and till/glaciolacustrine 


eontacts:. 


Table 3.9 illustrates how liquid limits are affected at 
Lilly contacts. Analyses oreall test data has not dis- 
Glosé@dmaamec.6 “till overiying aoo2.5 till, but rather the 
reverse, it as inferred) thatmene basal portion of the ‘upper 
till shows reworking of the lower till during glacial erosion 


resulting inan anomalous condition at the contact. 


Table 3-10 illustrates the influence on liquid limits 
at “a till/sand and \gqravel contact... ‘Note that the tiil is 
characterized by a consistent limit average of 27.4 percent. 
The underlying sand and gravel, likewise, has enough fine 


Material to yield a liquid limit average of 25.0. An obvious 
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Table, 3-102) Licguad limits at Tale, 
Sand and Gravel Contacts 
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question is whether or not the sand and gravel has locally 
been responsible for a total modification. in the liquid 
Timiccserom the till. “Thas®particular test hole occupies an 
upland position. It is therefore feasible that local incor- 
poration of the underlying preglacial gravel has generated 


ev Uuntoucemiquid: limit tibl. 


Tastes 3-11 1llustrates, the gqradational contact at the 
till7bedrock interface as reflected by liquid limit values. 
This characteristic is observed to occur guite frequently 
and has led to the coining of a new term - bedrock till. 

This term,is defined as a till whose stone content Jis made 

up almost exclusively of bedrock fragments of in-situ origin. 
For all intensive purposes, it is a reworked bedrock unit 

More srhanoaetruc till thew tiguad vin t data, in) fable 3-11 
shows the influence of the bedrock and then becomes gradational 
imtoo the true liquid  limitivaluerctr the till; The sand ratio 
in this table also reflects the interbedded nature of the 
Paskapoo bedrock. Depth 25 to 35 feet is a eae rane) and 


40 - 50 feet a shale or clay(stone). 


Table 3-12, which also examines a till/bedrock contact 
is very similar to Table 3-10 which shows till/sand and 
Gravel. There isva fairly sharp contact betweem the 31.14 
toll and, the 37.0, trl showevyer, notice that thertill very 
loosely xesembles the Limit character of the underlying bed- 
TOCK Ged ea Merueutt lt one bpeqrock tiie’ Analysis (Of Ehe 


stone content suggests it is a true till. 
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Table 3-11: wModi fication ef Liquid. Limit Values 
at Till/Bedrock Contacts 
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Table "3-13 illustrates ‘a typical gradational contact at 
a till/glaciolacustrine interface. Sand layers within the 
glaciolacustrine unit have been reworked (21.7) and are 
transitional into more consistent liquid limits in the upper 


pert, Of the till. 
Lacustro-Till Environments 


Because of the major problem associated with the liquid 
limits ina flow till/glaciolacustrine environment, it is 
WOLLHMTOOCKING at two additional allustrations. It was pointed 
out that where moisture content data is available, it will 
Generally aid in identifying intercalations in the flow till 
environment. The two examples are from buried valleys, one 


the Calgary Valley, and the other the Elbow Valley, respectively. 


Table 3-14 illustrates a rather erratic distribution of 
iimttteeavealues,. | Mostror thewinitcearevdescribed as lacustro- 
till which can be defined as a clay with numerous ice-rafted 
pebbles or a till deposited in an aqueous environment and 
hence stratified or "banded". Because additional support data 


is absent, it is very difficule to interpret the limit data. 


Figure 3-13 illustrates a similar case to the above. For 
interest, the stratigraphic field profile has been compared 
to the gamma ray log. The field log identifies a till from 
57 - 67 feet. The gamma log suggests no till. This would 
imply that the field logged till is probably a glaciolacustrine 
Unit-with ice rafted pebbles. Only a single, till is identi- 


fied on the gamma log from 92 to 109 feet rather than 97 to 
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Values at Till/Glaciolacustrine Contacts 
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Tavlevs- 14s.) Varlacion in Lbiguid Limit Values 
Within Lacustro-till Environments 
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Figure 3-13: Problems associated with lacustro-till 
environments 
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120 feet. The gravel layer is not apparent on the gamma log. 
However, because the hole was mud rotary drilled, the gravel 
could be simply a well washed till sample. In addition to 

the interpretation problems associated with lacustro-till 
environments, the analysis of field and geophysical logs 
suggests Quaternary workers can readily create their own 
Provltems with interpreting ‘gqlacial™ stratigraphy.  This’2as a 
Good example in borenole work where a-muitiple till is created 
to confuse the issue. “It points to the urgent need, when 
working with borehole data, to supplement field data with some 


mechanical logs that can eliminate judgement decisions. 


Till Differentiation and Correlation 


In view of the potential sources of error in utilization 
Or the lrquic limit technique’ to cetine tilis or ti) l” advances, 
it is surprising that it even works. However, no matter how 
remarkable the coincidence, the till units defined by liquid 
limits are supported by a wide range of other physical proper- 


ties which have been addressed at the beginning of this chapter. 


The basic approach tO tiwii-ditterentiation and” correla- 
tion was to place boundaries on the stratigraphic log pro- 
files so as to minimize standard deviations. The boundaries 
were then carried laterally and adjustments made to effect 


a reasonable regional correlation. 


The author would probably be remiss if he did not attempt 


to answer the question why the liquid limit technique works. 
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Glendinning (1973) mentioned in his thesis that clay 
miner alogyyvias mused (by tThartanGho60)s, «in ihisi original work 
on the Calgary area, served as a potentially good correla- 
tion tool and that this aspect deserved further exploration. 
Contrary to this belief, it can be shown that clay minerals 
cannot uniquely define tills. It had been thought that the 
liquid limit values were a reflection of clay mineralogy. 
However, this does not appear to be the case. During the 
course of this project, the Alberta Research Council has 
undertaken the clay mineral determination of some 278 tills 
in the Calgary area. The clay mineral identification con- 
sisted of illite, montmorillonite, kaolinite and chlorite. 
Tharin (1960) had concluded that eastern tills had illite 
and montmorillonite in approximately equal amounts, while 
western tills had an illite content three times that of 
montmorillonite. It would therefore seem reasonable to 
expect that eastern and western tills could readily be dis- 
tinguished by their clay mineralogy, in specific, the illite/ 


(illite + montmorillonite) ratio defined by this author. 


The analysis of those 278 clay samples calculated on 
the basis of the above-defined illite ratio yields 4n average 
value .o£f 0.68 with a standard deviation of 0209: It would 
appear very obvious that the till units as defined by the 


liguid limits are therefore not related to clay mineralogy. 


in addition to the nature of the clay minerals, the 


author had tabulated four other parameters which controlled 
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liquid limits for idealized clay systems. These were: 

clay content, nature of exchangeable cations, particle size 
and organic matter content. While some degree of uniformity 
does occur for artificial clay-quartz systems (Seed et al, 
1964), the complexity of interrelated factors in real world 


Situations is not readily understood. 


Clay particle size has been shown to influence the liquid 
limit parameter. In general, the smaller the particle size 
the greater the surface area and hence the more moisture that 
can be adsorbed. It is highly unlikely that laboratory pre- 
paration of samples could produce a uniform particle size to 
account for »the;consistentsbiquid limits ofigthe various tills. 
It appears intuitive that the glacial transport mechanism must 
be responsible for the production of the relatively minor 
VarkatiOns inspamticle size in order to account for the simi- 


Waeistyoin Liquid tamit vyaLuec. 


The nature of exchangeable cations, likewise, has been a 
factor in effecting limit values. However, tills are generally 
considered as impermeable or semi-permeable materials. Except 
for fracture systems, movement of groundwater through tills 
can be expected to be very slow. Cation exchange capacity 
in the tills does not appear to have the same dominance that 


it does in the artifically prepared clay-quartz systems. 


The organic matter content of tills is generally too 
insignificant to readily explain the difference in liquid 


limit values. 
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The liquid limit appears to be largely proportional to 
the clay mineral versus non-clay mineral percentage rather 
than the variation in the different. proportions .of ,individual 
clay minerals. This would tend to explain the distinct lack 
of variability observed in the clay mineral anslyses of the 
278 till samples. Since the clay mineralogy is not the 
governing factor, 1t appears logical ‘that the basic clay 
Mineralogy, and hence liquid limit value, is controlled by 
the degree of incorporation or dilution of material being 


Overriden and eroded by the glacier. 


The interrelationship of mixed clay structures, and 
geologic history of till material in the real life soil sys- 
tem tends to yield a more simplistic liguid limit value than 
evaluation of each individual factor in an artificially pre- 


pared soil system. 


It is the author's feeling that the answer to the riddle 

can be: found an’ work byrszabor erat. (1975) and Shilts (L971, 
1973) in dispersion trains associated with glacier transport. 
Szabo et al (1975) studied the dispersion characteristics of 
mineralization from the Mt. Pleasant volcano vent. The following 
pertinent statements are taken from Szabo's work: 

"Whereas dispersion trains of Cu, Pb and 
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UThe, Gistributirenseorzcu.. Pb and Zn Wn 

the fine fraction show little variation 

Witheaepth inetne tal, orn the coarse 

fraction, however, there is a clear 

difference in both the vertical distribu- 

tion pattern and the absolute levels of 

Cuperb and Zn down-ice from Mt. Pleasant”. 

the tmplications vof eSzabo'stwork itonuse oféthesliquid 

limit parameter for differentiating till appears straight 
forward. O >TO avoidvanamolous "situations ‘in glacial transport, 
one should examine the fine fraction which is characterized 
Dy (nOnVvVariationsin theyverticalvand,lpttlesin theshorizontal 
direction. This would tend to explain the rather consistent 


range of liquid limit values in the vertical profile of a 


Given till: 


Further to this, 1t is" concluded that the uniqueness of 
ene four defined Liquid, Limitsti lis ss due exclusively’ to the 


encorporation Of previously deposited glacial drift or bedrock. 
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CHAPTER IV 


SURATEGRAPHY. = EVIDENCE AND DESCRIPTION 


Bedrock Geology 


Tnewentire Calgary area as underlain by the Paskapoo 
Formation of Tertiary age. It is believed to have been de- 
posi ted+onea floodplain extending from the foothills eastward. 
Holes drilled for this study indicate that the Paskapoo For- 
mation is composed of yellow, brown, blue and sometimes yellow 
and green claystones and shales. These various units of the 
Paskapoo Formation are of variable thickness and are presumed 
to be quite lenticular, as the units cannot readily be corre- 
toed ns Gpicce yor yehe, large number of “control” drill holes 
available. The sandstone and shale units vary from soft to 
Nard and many outcrops, particularly along the flanks of bed- 


rock highs show! fracturing of thei upper surfaces. 


Lithologic units within the Paskapoo Formation vary. from 
thanily bedded (374")" to: massuve Clon). Ali beds are essen= 
tially flat lying. The Paskapooms2s continental in origin 
and is characterized by cons tderavle warration "in grain ‘sivze : 
Sand ‘eon berntito a TS OCAR). sisi e2 or. Ome Se and clay 11.7 - 
57.2%. information, on the physical proper tiessor bedrock 
units are tabulated on the various stratigraphic logs contained 


in the Appendix. 
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Numerous outcrops of bedrock exist within the study area 
and may be viewed along the Nose Creek and Beddington Creek 
ieluewatler channels, in Twp.ge2 5, -Rge...1, WSM> along the’ Bow 
Rivyerein secs. 5 and 6; Twp. 25, Rge~ 2, W5M; within the Elbow 
River Valley in N.E.-6-24-1-W5M, and along the Glenmore Reser- 
voir; as well as on the crown and flanks of Nose and Cairn 


Hav Uplands. 


Bedrock lithologies within the Calgary area vary from 
soft clastics and claystones to firm or hard fissured sand- 
stones and shales. Most occurrences of bedrock, both in drill 
holes and outcrop sections, have an upper 3 - 6 foot weathered 
zone. Because of this weathered zone, problems can occur in 


aerining the .top of bedrock. 


Numerous water well drill holes record up to 46 feet of 
brown to blue clay overlying firm bedrock and underlying thick 
gravels and sands. This material could be interpreted - a 
glaciolacustrine deposit or as seortibedrock..<Lts stratigraphic 
position between bedrock and overlying gravels suggests that 


Ehies ni Cre where arecorded. 11S 6SsO7 tf -DearoOck., 


This study also identifies another deposit referred to 
as a bedrock-till. A number of examples illustrated in 
Chapter III, clearly show a till-bedrock interface transition 
where the basal part of the till (based on liquid limits and 


lithology) reflects bedrock characteristics. The bedrock 
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till is composed almost exclusively of reworked bedrock frag- 


ments in a fine matrix. 


Saskatchewan Gravels and Sands 


Seratioraponyc POsit1oOn 


Saskatchewan gravels and sands is the name loosely applied 
to numerous, widely scattered deposits of gravel and sand 
found on the Canadian Prairies. This deposit is identified 
chiefly by its lack of stones from the Canadian Shield and 
Die, stratigraphic position, overlying bedrock belowvdrift in 
buried valleys or on low ground. Although Stalker (1968) has 
determined a list of criteria for determining whether gravels 
ave truely Of preglacial origin, “this study follows the 
generally applied looser definition of Saskatchewan gravels 


and sands. 


The Saskatchewan gravels were first described by McConnell 
(1885). He interpreted this deposit to be Pliocene in age and 
derived, in part, from the Miocene beds in the Cypress Hills. 
The occurrence of this deposit was found to be more widespread 
than first believed and a subsequent paper by Dawson and 
McConnell (1895) suggested that the Saskatchewan Gravels were 
outwash deposits from an early Pleistocene Cordilleran glacia- 


tion which advanced to a point somewhere east of Calgary. 
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Ce be 
and sense of meaning implied by McConnell in 1885. That is, 
the Saskatchewan gravels and sands refer solely to the last 
series of deposits laid down by preglacial rivers before 


Quaternary glaciation disrupted the regional drainage. 
Distribution and Thickness 


Saskatchewan gravels and sands are found capping the 
Nose Hill, Cairn Hill and Pine Ridge Uplands; in part along 
the flanks of these uplands and also in buried valleys. On 
the Nose Hill Upland, the thickness of gravels and sands 
exceeded 15 feet. Supplementary information obtained from 
water well drilling records, indicated a maximum thickness of 
162 feet in the southwest corner of LSD 11, 32-25-2-W5M. 
Similarly on Cairn and Pine Ridge Uplands, the test drilling 
was unable to penetrate the gravel and sand section by more 
than 15 feet. A maximum thickness of 85 feet was established 
OneCairmnvHill from a,pwaterlwelrroauln.W.->-77—24—-2-WoM.) Within 
the modern day Bow Valley, a maximum thickness of 25 feet of 
Saskatchewan gravels and sands was encountered in Test Hole 
77-25. Examination of water well records yielded a total 
thockness of (62 fect! of granular material ati.Sow.—-13-—14-25-3- 


W5M. 
Bithnologic Description 


Table 4-1 contains pebble counts from three locations on 
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% Pebbles 


Carbonate 
Quartzite 
Sandstone 
Grit 
Cnere 


Other 


Table 4:1 


Pebble “Lithology of 
Saskatchewan Gravels 
and Sands 


i 


74-76 74-45 74-61 


ne. 


Poe, 
Nose Hill (Test Holes 74-29, 74-53 and 74-76) and two locations 
on Cairn Hill (Test Holes 74-45 and 74-61). These pebble 
counts yield a "carbonate-quartzite-minor sandstone" lithologic 
assemblage for Saskatchewan gravel and sand deposits. The 
gravels are fairly sandy with little to moderate amounts of 
Clay binder, and relatively high calcium carbonate contents 
between 20.9 and 38.0 percent. The deposits are described in 
water well boreholes as gravel, sand and gravel or gravel and 
boulders. Water well drill records also indicate cementation 
as a characteristic of these deposits on upland areas as well 


as in buried valleys. 


A number of liguid limit tests on _ the fine matrix com- 
ponent of the sands and gravels gave a range of 18.7 to 28.9 


with an average value of 24.8. 
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Pleistocene Lithostratigraphy 


Potrocuction 


This section establishes the Pleistocene subsurface 
stratigraphy, by citing the evidence, characteristics and 
areal extent, where feasible, for all deposits associated 
with each glacial event. The stratigraphic relationships 
for each unit are illustrated by cross-sections whose loca- 


tions are indexed in Figures 1-3 to 1-6. 


TO avoid any age) connotations or correlations with 
Unves previously named (Tharin, 1960; Morgan, 1966;Stalker, 
1960, 1963, 1973), the author has established a new set of 


informal names, together with subsurface reference sections. 
First Glacial Event 

Glenbow Till 

Stratigraphic Position 


The first glacial sediments within the study area 
are assumed to have been deposited by Cordilleran ice. 
A single occurrence of Glenbow till is believed to exist 
within the old Bow River Valley south of Cochrane. The 
type reference section is Test Hole 78-8 which contains a 
Mmiltiple till section, <svidence for tims thin tilts pro- 


vided by stratigraphic position, sand fraction lithology and 
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Atterberg Limits. The base of the unit was not encountered, 
however, it is overlain by a glaciolacustrine unit. The 
reader is referred to the stratigraphic profile of Test Hole 


78-9 in the Appendix. 


Although the till encountered in this test hole is only 3+ 
feet thick, it does appear to have a number of distinguishing 
characteristics. Because the complete unit was not penetrated, 
more than one origin may exist for this deposit. It is either 


Prelvonsdirty gravel. 


Luguid Limit 


A single liquid limit value of 18.3 percent was determined 
form the  fndus till. The value is characteristic of a sandy 
Crile wath little or no jfines and vappears to be typical of ia 


western till based on the following deduction. 


The author recently had the opportunity to be involved 
with an extensive test hole and test pit program for the 
upgrading of the Smith-Dorrien Road in Kananaskis Country. 
Til, at.this site sis unequivocally_of,Cordilleran origin. 
Analysis of some 60 samples of till gave a liquid limit range 
varying from indeterminate to an average of 17.5 percent. 

The low liquid limit value, the stoney nature of the till, 
and its lithologic composition lend some credence to its 


western origin. 
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LernoLogre Description 


The Glenbow tidl is greysin color,s=quite stoney and 
contains an abundance of carbonate pebbles. Shield-type 
lithologies were not present in any size fraction of this 
elie Lhe sand/silt—clay ratio of OF0G indicates a very 
Serty tili-composed predominantly ofmrockefiour.% The sand 
GeelQ nas a signiticant contrast to other trils of eastern 
Origin. A single determination for calcium carbonate equi- 
valent yielded a value of 56.0 percent - the highest value 


of any till samples within the study area. 


Glenbow Silt and Clay 


Stratigraphic Position 


The name Glenbow silt and clay is used for glacio- 
lacustrine sediments which underlie the oldest eastern till 
in the study area at Test Hole 78-9. The deposit can be 
traced from the Bow River, near Cochrane, to an isolated 
area south of Shepard but north of the river. Stratigraphic 
relationships for these two areas are illustrated in Figures 
4-1 and 4.2 In this area, the lacustrine deposit overlies 
sandy gravel of assumed Saskatchewan gravel and sand origin. 
South of Shepard, the lake deposit rests directly on bed- 
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Figure 4-1 
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Figure 4-2 
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Distribution, Thickness and Physical Attributes 


The Glenbow silt and clay unit varies in thickness 
from 25 to 55 feet and is confined to buried valley(s) 


associated with the old Calgary Valley system. 


The sediments invariably indicate a "fining-upward" 
sequence with silts and sands at the base grading upward 
into varved or banded silts and clays. An examination of 
therstratigraphic’ profile for Test Hole 74-73 gives a 
Clear indication for the fining-upward or transgressive 
sequence. It should be noted that the liquid limit and 
moisture content increase upward in the profile, while 


the sand ratio decreases. 


Second Glacial Event 


The Second Glacial Event is the most widespread 
event delineated within the study area and is clearly 
of eastern origin. The glacial deposits associated with 
this tevehtcaxre othe indus trl Ppcindusesiltvand clay, and 


Indus gravels. 
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The name Indus till is proposed for a fairly homogeneous, 
enuek,, till which occurs ac a valley £111 deposit south of 
Indus. The type reference section is represented by Test 
Hole 77-26. Stratigraphic evidence for this event is pro- 
vided by stratigraphic relationships, liquid limit, percent 
igneous-metamorphic fragments, texture, geomorphology and 


LCC AG.rection. 


HYeCetndus tit NacwarnVar vety von Stratigraphic relation— 
ships. The most common position is overlying bedrock or 
sand and gravel. However, locally,,the till rests on glacio- 
Hacustrine sediments. The Indus, till 1s found distributed in 
old buried valleys, in lowland plain areas and on bedrock 


controlled uplands-and! upland stanks. 


On the Nose Hill Upland, the till overlies Saskatchewan 
gravel and sand (Test Holes 78-3 and 74-33) and, to a minor 
extent, bedrock (Test Hole 78-7). The till attains a maxi- 
Mum thickness Of 02 teec inmuest Hole (4/7. “Where iat 
OCCurs on liplands,, thewindussti 1) ts a suvbace ti id paracter— 
ized by a hummocky morphology. Along the eastern and southern 
Flanks of the Nose Hill Upland, the till is overlain by a 
veneer of younger till or glaciolacustrine sediment. 


Stratigraphic relationships are illustrated in cross-section 
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Figure 4-3. To the east of the Nose Hill” Upland in the 
Vicinity of Beddington and Nose Creeks}; the Indus.till has 


been removed by erosion. 


On the Cairn all Upland, Indus tilt is absent nea 
for local remnants preserved along the southeast flank of 
the upland in Test Holes 74-40 and 74-44. In both cases, 
Indus till overlies bedrock and is overlain by younger 


fede ie 


in the area of the Bow Valley, within both the Calgary 
and Dalemead topographic sheets, the Indus till occurs as 
valley fill overlying either bedrock or gravels. Within the 
Calgary sheet, Indus till overlies Glenbow silt and clay in 
Test Holes 78-9, 74-73 and 74-58, and is overlain by Indus 
silt and clay. The reader is referred to stratigraphic pro- 


tile 78-9 in the Appendix. 


In the Glenbow Lake area just south of the Bow River 
the Indus till overlies bedrock and is overlain by hummocky 
Glenbow silt and clay. %Ne*smeatigraphic relationships are 


illustrated in Figure 4-4. 


Although surficial materials have been extensively 
reworked in the City of Calgary proper, some stratigraphic 
information is available from the "Inventory of Environmental 


Geology of Calgary, Alberta". Cross-section Figure 4-5 shows 
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Indus till as a valley fill within the Elbow River Valley. 
The base of the till was not encountered, but the unit is 


overlain by glaciolacustrine sediments. 


TO theeast of Calgary, oni the Dalroy sheet, the Indus 
Pte se. Cher the surtacestillyor at is covered by a’ discon- 
Pinvous veneer Of youngerstitias The Contact for) thas younger 
till and the Indus till trends north-northeast along Chester- 
mere Lake (Figure 1-2). The elevation of this morainal con- 
Sece wvarvesst rom. 3250) anythe north, to,3375,.in thessouthern 
part of the Dalroy sheet. This contract can be traced further 
south on the Dalemead sheet up to the Bow River. Stratigra- 
phic relationships for the Indus and younger till are indi- 
cated in Figure 4-6. Air photographs of the western part of 
the Dalroy sheet indicate numerous recessicnal moraines. 
mhe ground moraine of this area is locally covered by out- 


wash veneers and lacustrine sediments. 


To the southeast part of pcalgary on they Dalemead sheet, 
the Indus till overlies sands and gravels (Test Holes 77-25, 
77-26 and 77-29) or Glenbow silt and clay (Test Holes 77-4 


and 76-47), or bedrock (Test Holes 76-84, 76-37 and 76-110). 


In most cases, the’ Indts till is at thegeurface;, al- 
though it is veneered locally by lacustrine and outwash 


silts and sands. In the southeast corner of the Dalemead 
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Figure 4-6 


peqLock 


’ ‘ 
o- 
ae. 
HWY Se 
; 4 
Uys 
if 
. 
7 of >. oy 
\ 
7 as 
_ 
rh 
Pe ¢ - 
re 
Py 
» 
a 


2) 


SrcleMs) Ihe 


Loge CFTT 


 DOMTERE £7T 
Ey AL Sh TS TroKt 14 


ee 


shectyetoie LNdus Ll) Occurswas 4 thick valley rill reaching 
a maximum thickness of 207 feet at Test Hole 77-29. South of 
Ene Bow River, Indus titl as absent as the surface rises. 


Stratigraphic relationships are shown in Figures 4-7 and 4-8. 


Indus till is also found along the upper walls of the 
Highwood River Valley in Test Holes 76-109 and 76-87. A 
complete stratigraphic section was not penetrated in these 
test holes. However, it is assumed that a western till 
(perhaps Glenbow till) underlies this till at depths below 
river level. While no distinct break in till is observed 
at 76-109, 8 feet of sand and silt separates two tills in 
76-87. Stratigraphic relationships are illustrated in 


Figure 4-9. 


Southwest of Calgary, on the Priddis Sheet, Indus till 
is confined to the Pine Ridge Upland or its flanks. On the 
topyor the upland, the tiiicecurs asia surface till over- 
ivying. bedrock.) Along the jupland flanks; indus, till overlies 
either sand and gravel (Test Hole 76-107) or bedrock (Test 
Holes 76-104 and 76-98) ..7 In test Hole: 76-106 Indus till 


overlies 10 feet of silt (possibly Glenbow sikt and clay 


Dok 


which in turn overlies a ‘thin/;unoxidized till e(Glenbow till?). 


Stratignraphac nelationships tor tne Indus til@on.jthesPpane 


Ridge Upland are indicated on cross~section Figure 4-10. 
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Figure 4-7 
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Figure 4-9 
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Physical Attributes 


Laboratory analyses conducted on till samples of 


till have shown the following range of values: 


sand/(silt ££ .clay) ratio: 


I 


N = 332 x = 0.36 R = 0.25 to 0.47 


moisture content: 


N = 256 x = 14.2 R 


U2 Og Oy. .2 


pidites (illite: & monemorilionite) ratio: 


N= 174 xX = 0.66 R 


On 27 CO. Un 5 


igneous metamorphic content: 


N = 287 x = 12.0 Pra elecOvto: O21 


calcium carbonate equivalent: 


N = 178 x = 16.6 Res Lied to 21 8 
Nevearve® Lema 
N = 497 xX = 35.6 Reo 4. 0 ro Nore 
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STLUCtuULalLly, the, inaeas trlt 1s stiff where it 
occupies buried valleys, but is often dry and crumbly on 
the upland areas, most likely in response to post-glacial 


desiccation. 


The igneous/metamorphic content of the Indus till, 
as determined from the coarse sand fraction, generally 
exceeds 10 percent where the till occurs as valley fill, 
while on the upland area, the igneous-metamorphic content 
is either absent or in trace amounts. The low content of 
Shield-type fragments on the uplands can be attributed 
to two factors. One is the englacial position within the 
ice as it shears up and around bedrock controlled uplands; 
and the other to the massive volume of western-type litho- 
logies incorporated by the eastern ice. In a continental 
Glacver model, Virtually vat! debiis 1s carried®near the 
base of the ice with minimal sediment carried upward into 
the ce. When, the 1Ce encom cers bearock uplands, it seems 
reasonable to expect that the incorporated local sediment 


will dominate. 


During examination of the sand and pebble fraction of 


the various tills, a rather enlightening phenonenon was 


encountered. Traditionally, studies in glacial stratigraphy 


or 
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in Western Canada use the percentage of Shield stones 

to distinguish between eastern and western ice. As an 
experiment, the author examined a number of size fractions 
for a given till sample. While the pebble fraction was 
distinctly absent in Shield-type lithologies, the latter 
was detected in the mid to fine sand fractions. There- 
fore, on the basis of pebble analysis only, the till has 

a western source, but the various sand fractions would 
indicate an eastern source. It would therefore appear 
Bagt One COULG inetact Be Mapping Notoirng but till Tatho-= 
facies of a specific size fraction - a somewhat meaningless 
exercise, “In view Of this,-i1t should not appear startling 
that the Indus till could have such a wide variation in 


igneous-metamorphic fragment content. 


The following table which summarizes the physical 
attributes. of both the Indus ‘and Glenbow tiils, indicates 


aLSsigniticant.<contrastlin their properties: 


Parameter Glenbow Indus 
LL Tes BID. 
S/ (M+C) 0.06 0.36 
IM absent v2.0 
MC - pA. 2 
I/ (I+M) 3 0.66 


ce 56.0 L626 
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SEyetigraphic Position, Drstribution and Thickness 


The wname. Indus) sritsand clay is) proposed’ for the 
laminated silts and clays which overlie Indus till. The 
type reference section is in Test Hole 76-40. The base of 
Ene unit) isa 35 foot thick, fine toimedaum sand, dark grey 
sand which grades upward into a 22 foot zone of interbedded 
olive brown to olive grey silt and clay. The top of the 
unit is capped by 15 feet of clean, fine to medium, dark 


greyish-brown sand of probable dune origin. 


The Indus silt and clay is preserved only within pre- 
Second Glacial Event drainage valleys where it escaped 
subsequent erosion. As a result, Indus silt and clay is 
generally found only within the old Calgary Valley drainage 
system. Two previous cross-sections, Figures 4-5 and 4-9, 
indicated 65 feet of Indus silt and clay within the Elbow 
Valley and a thinner 10 foot section of sand within the 
Highwood Valley, respectively. The thickest section of 
documented Indus silt and clay occurs in the type section 
in the area of Bow River bend, Twp. 22, Raex 429% SAt this 
locality, Indus siltyvand clay voverlies indus “till and is 
overlain by the younger DeWinton till. The stratigraphic 
relationships at the type section are illustrated in cross- 
section, Figure 4-llS A fourth occurrence of Indus Sie 
and clay was found within the Lloyd Lake basin where 


it overlies Indus till and is overlain by sand and gravel 
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Figure 4-1] 
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Of probable fluvioglacial origin. - Figure 4-12 shows the 


stratigraphic sequence at the Lloyd Lake locality. 


Although drainage channels associated with deglacia- 
tion during the Second Glacial Event are no doubt present, 
only a single fluvioglacial deposit was encountered during 
the test drilling program. Test Hole 76-59, within the Lloyd 
Lake basin encountered 30 feet of gravel and medium to coarse 
sand Overlying Indus silerand clay and, in turn, overlain by 
Beddington silt and clay. The clean nature of the granular 
deposit as well as its coarse grain size indicates a probable 


fiuvioglacial origin: 


Two other drainage channels appear associated with the 
Second Glacial Event. North of Lloyd Lake a buried channel 
trending west to east contains younger till overlying bedrock. 
Sing tdaly, within (tne b LpOWgRaver asOuth, Of-Cairn Hill, thas 
same younger till overlies bedrock. Absence of fluvioglacial 
deposits within these channels would suggest their original 
thickness was small or that they have been completely eroded 


GQuring the Third Glacial Event. 


Third Glacial Event 


The Third Glacial Event was the last extensive glacia- 
tion within the Calgary area and was responsible for genera- 
ting most of the geomorphic elements now visible in the study 


area. The ice mass for thissevent originated in the northeast and 
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was responsible for deposition of the well documented quart- 


Zice erratics train. 


Stratigraphic evidence for this event is provided by the 
feud limit, parameter ‘andsstratigraphic“posi tion, aided in 


part by sand/clay ratios and coarse sand fraction. 


The main deposits associated with this event are the 
Beddington till and the Beddington silt and clay. Numerous 
meltwater channels associated with deglaciation of the study 
area are evident on topographic maps and air photographs. 
These channels and their fluvioglacial sediments are dis- 


cussed as they relate to deglaciation. 


Beacington Till 


SELatrlgraphnic, POSAL1ON,) Distrloucion anas thickness 


The’ name* Beddington till is*proposed for’a sandy’ till 
which contains numerous scattered quartzite erratics. The 
name is derived from the historic Beddington Erratic which 
Ties’ in LSD 13, Section 23, Ivem co, Rge. 1, WOM. The ‘type 
reference section is represented by Test Hole 74-6 which is 
located two miles east of the Beddington Erratic. The type 
section contains 69 feet of olive brown to grey, sandy silt 
till with minor amounts of igneous-metamorphic stones and 


an average liquid limit of 27.3. 
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The Beddington till as found to occur in one of four 
Stratigraphic relationships. In the prairie region on the 
Cast side of the study area, Beddington till occurs as a sur- 
ficial unit and overlies bedrock at depth (Test Holes 74-6 
and 74-15). Within the old Calgary Valley drainage system, 
Beddington till istfound overlying Indus till, Indus sit 
and clay, or Saskatchewan gravels. Beddington till overlying 
Phaus till as found on the northeast flank of the Nose/ Hill 
Upland in Test Hole-74-29, on the Pine Ridge Upland in Test 
Holes 76-97 and 76-66, and along the southeast flank of the 
Cairn Hill Upland in Test Hole 74-40. Albeit thin, ice is 
inferred to have overrun all the bedrock controlled uplands 
within the Calgaryearea. The above stratigraphic.relation-— 
ships are illustrated in two previously sited cross-sections. 


Figure 4-5 shows the Beddington till overlying Indus silt and 


LOG: 


clay within the Elbow Valley, while Figure 4-9 shows this till 


overlying either Indus siltvandvelay M/6-87) or in, contact 


witheindus’ tild (76-109) Asthird)cross=section, Figure 4-138 


7 


illustrates the stratigraphic relationship along the northeast 


flank of the Nose Hill Upland. 


Beddington till is found overlying reworked bedrock along 


the entire length of the Elbow River in Twp. 24, Rge. 2. 
bikewise, 16 is-found within, tne Lioyd’ Lake basan in Test 
Holes 75-24 and 75-26 where sediment from the Second Glacial 


Event was eroded. 
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Figure 4-13 
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The only location where Beddington till has a rather 
continuous cover on anupland area is Cairn Hill (Test Holes 
74-69, 74-61, 74-45, and 74-46 on top, 74-60 and 74-63 on 
flank). The till occurs as a surficial veneer, usually less 
thanrl5 ‘heet tthick,°on ithe iwesternnpart tof «the:uplands ‘On 
the eastern edge of the upland, the till gives way to Sask- 


atchewan gravel and sand. 


On Nose Hill, the Beddington till occurs as a discontinuous 
veneer except where it locally infills topographic lows in 
the Indus till, such as in Test Hole 74-77 where the till is 
45 feet thick. Other isolated deposits vary in thickness from 


10 feet (Test Hole 74-32) to 35 feet (Test Hole 74-28). 


Within the Nose Creek area, the Beddington till acquires 
a thickness of 69 feet at the type reference section. Else- 
where on the gently rolling prairie terrain, the thickness 


seldom exceeds 35 feet. 


On the Pine Ridge Upland, Beddington till was not en- 
countered in any of the test holes. However, it reaches 
a thickness of some 65 feet in Test Hole 76-97 along the south- 
east flank. Elsewhere, it is a veneer varying in thickness 
from 5° feet (Test) Hole 76=-104)sto 15 feet (Test»Hole 76-72). 
In the Lloyd Lake basin, the Beddington till attains a maximum 
thickness, of 37> feet in, Test: Hole’ 75-26. .The till is’ generally 


confined to an east-west channel just north of Lloyd Lake. 


~~ t is be ld | Ae 
. 


|, gate oh 
vont 5 6. aan EGkS sotonatbes 2: 


etre AL aa ansaee 


Seton sagt) eli 
-) | 


Fatah: bes 08-8) \Qarne saa bits 4! 
etion .x~aonev Jeti aes & 26 2x00 es 
+ To 226 PIeaEew" aaiibes oats 


‘iy oe «bnetag acts to obs 


E J Vike 
a 1 
biea Bee tovet@? 
wooo, DLES Me eo eas aval 


0.) | : 
foujom whihBos oe 2% wissietie, qoc me 


4 ( att teaory TT =E4 efor | Saat mL. sus fnue esi, 
ath soya casetent: seaeht@ site 2 


— eed vil YRey 4 
Vt. ale taeT) 7FS82 ae 3 ener ‘xe soon 3 


— 


2290 WS ira acs 


+13 jon eaw Licr fT Cit 


Pabst ‘ant 9058 a0 = 0 5 


i. 
sivehiad J! . revowor il tna af S0.a8 ant ot 
EfSy 


' ‘ ap : “4 Lae ta9T. ft feed ahi Snes 20 
a ‘ oO o/ ate at 4 Prijs a Sans & es) ot sreives IS st 
. 5S a A 2 »v 


fetuit siow Yast) 259%, ehega L jaiedl alos me 
vistos tlie nostghehted Sot «tian asd bg r 2 


Afeyoe 205) Guat e 


a | 


mms = 20 
ei beamose at Lita Sag ASHEN, atolt. ae? nt tout ve fot ; 
nagr > 


- Sige * 
icetas & oli tel dieog fave Talc re ot | 


> 
o 
’ ; 7 7 
ye) 
y B $ aw — . 


109. 


Within the Bow Valley and the City of Calgary core, the 


Inventory Study indicates Beddington till underlying either thick 


deposits of Beddington silt and clay or post-glacial alluvial 
gravels within the modern day Bow River Valley. North of the Bow 
River, Inventory Test Holes 2160 and 960 record a plus 43 foot 


and 38 foot thickness, respectively, of Beddington till. 


The distribution of the Beddington till indicates a 
minimum elevation of 4,250 feet for advance of the ice mass 
during the Third Glacial Event. This elevation is determined 
from a small kame deposit which lies on the western boundary 
On the *Cairn Hill Upland in the northeast quarter of Section 
Moga twp. 24, Roe. Z2,7VioMs Ay simitar, small feature kame 
occurs on the Nose Hill Upland in the south half of Section 


ZO LWDss 2, RIC. 2. Wotlk, 
Geomorphic Evidence and Ice Direction 


Geomorphologically, the Beddington till forms ground 
moraine with relief in the order of 10 feet. In the Nose 
Creek area, the till is characterized by numerous washboard 
structures and glacial flutings. North-south trending wash- 
board moraine iS visible ion, air photographs, in Sections 11, 
Pye, Blo anCw2 oye TWO eRe aul, WOM, ena oection. 36, 
Tweet, ROCs ly WOM ino cating.an. Lce, direction trom the 
east. Evidence for a northeast to southwest ice direction is 


found along the northeast flank of the Nose Hill Upland in 
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bec tl Om A pelwo. zo, RGG..2, WOM, “and Sections 2 and 3, Twp. 
26, Rge. 1, W5M. At the latter location, washboard marks are 
parallel and flutings normal to “the northeast flank of ‘the 


upland. 


Glendinning 7(19 73) nas’ done a till fabric study on sur- 
PecCewti ll south of the Bow River. Inthe area of Jumping 
Pound Creek, he indicates an ice flow direction to the east; 
east of Highway 2 a direction to the west; and between the 
IwOoraLeas, Particularly on Cairn Hill, and the Sarcee Military 
Camp, a mixed zone with both westerly and northeasterly ice 
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Physical Attributes 


sna 


Laboratory analyses conducted on till samples of Bedding- 


ton till have shown the following range of values: 


Sand/ (silt & clay) ratio: 


Nea 193 


moisture content: 


Ne e2 3. 
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Meece, (1 1l1lite <& “mMontmorullonite) ratio: 


N = 35 


xX = 0.73 


igneous-metamorphic content: 


N = 79 


calcium carbonate equivalent: 


N = 172 
Proud Limit: 


N = 288 


x = 4.3 


28.4 


* | 
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The following table compares the 


U2 6O to O50 


OR Ou lec 


One er 


260M CO. 50.0 


results of the physical 


properties of the tills thus encountered: 


Parameter 
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S/UMEC) 
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17 (1l+M) 
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Glenbow 


ts ea) 
0.06 


absent 
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Indus 


3D <0 
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Beddington 


28.4 
0.82 
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Comparison of the results indicates a contrast for the 
two eastern versus one western till. However, with the 


exception of the liquid limit and possibly igneous-metamor- 


Dare content, 


isi 


the other parameters do not readily distinguish 


between the two eastern tills. 


Quarezite, Erractics 


The Beddington Till is characterized by large blocks of 


quartzite and pebbly quartzite scattered along a narrow belt 


in the foothitisrefeAbberta. 


within the study area is the Beddington Erratic located 


in LSD 9-26-2522 4W sme 


Considerable work on the Erratics Train has been 


carried out by Stalker (J956). He comments (p. J0): 


"The blocks rarely show significant 
weathering aside from frost action... 
No glacial striae were discovered 
during careful examination 

of many of the blocks and it seems 
probable that none was produced during 
transportation of the erratics to their 
present, position... 


Stalker describes the erratics as follows: 


"The FOCk as) Very unitormm iin char- 
acter over the entire length of the 
bell studied.....Le COnSists mostly 

of fine pebble conglomerate and coarse 
massive to bedded quartzite, cross- 
bedding being commonly displayed. The 
coarse quartzite and conglomerate hor- 
izons are commonly separated by a silt- 
stone or shaly bed, % to 1 inch wide. 


The largest quartzite erratic 
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Quartz veins of about the same thick- 
ness alsovoccur- in a few of the blocks. 
The rock commonly breaks along these 
beds or partings and along the veins". 


With respect to the source and mode of transportation, 


Stalker (1956) concludes : 


"Valley glaciers could have quarried 

the rock from the valley sides and 
received the boulders directly on their 
SULEACES ite sxses Had only valley glaciers 
been present the erratics would have 
been deposited in lobes opposite the 
valleys. It seems logical to conclude 
therefore that mountain glaciation 

alone could not have effected the 
present distribution of the boulders... 
Regardless of the source of the 

erratics Laurentide ice was necessary 

to, effect, thernydistrivbution in. a narrow 
belt controlled on the east by elevation. 
The large size of many of the erratics 
and the absence of striae indicate that 
the blocks were carried on or near the 
surface of the transporting glacier". 


Additional work by Mountjoy (1958) concluded thatthe 
Cavell Formation of Lower Cambrian age near Jasper, 
Alberta was the source of the erratics and an Athabasca 
valley glacier was the transporting agent. Mountjoy's 
conclusions were based on the similarity of lithologic 
descriptions between the rocks of the Cavell Formation 


and those described by Stalker (1956). 


There is unequivocal evidence for ice deflection 


adjacent to the foothills. Roed (1975) mapped drumlins 
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and other glacial lineaments south of Edson, Alberta. 
Boydell (1972) also mapped drumlins and glacial flutings 
indicating a southeastward moving ice mass west of Sylvan 
Lake. South of the Calgary area, Jackson (1979) mapped 

a drumlinized terrain with a southeasterly flow from the 


Bow Valley in the vinicity of Jumping Pound Creek. 
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Beddington Silt and ‘Clay 


PiGatregnaphic Position sab sseribution .and»Thaickness 


Thesname Beddington esitteand clay isiproposed for 
an interbedded sequence of silt and clay which overlies 
Beddington till. The type reference section is in Test 
Hole 77-22 where 62 feet of glaciolacustrine sediment 
separates the underlying Beddington till from the overlying 
Pevincon, til “The ibase Of the unit is.-a.%35 (foot. thick: grey 
Gilay, awiich «us plastic jand occasional ly mottled with vsilt: 
Except for small interbeds, the clay shows massive bedding. 
In the upper 27 feet of the unit there is a.considerable in- 
crease in silt content generating a clay extensively mottled 


by irregular silt pockets, blebs and lenses. 


An extensive glacial lake system is associated with 
deglaciation of the ice mass for the Third Glacial Event. 
An upper limit for glaciolacustrine sedimentation is recorded 
in Test Hole 77-16 at an approximate elevation of 4,340 feet. 
At this locality, 46 feet of laminated clay overlies a stoney 


Eu. 


It appears that deglaciation during this event was a 
progressive retreat with lake levels dropping as the ice re- 
treated eastward. Although lake sediments are found as high 


as 4,340 feet, the highest drainage outlet is evident only 
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at the 4,000 foot elevation within the study area. Stalker 
(1968), studying the geology of the Cochrane terraces, 
described three major deltaic terraces above the townsite. 
Terraces at 4,000, 3,950, and 3,850 feet were all considered 
to be the result of deposition of outwash from Bighill Creek 
into successive stands of a glacial lake. The change in 
each glacial lake level is marked by a north-south trending 
meltwater channel, generally with a delta deposit at its 


southern end. 


The Beddington silt and clay is found associated with 
tEwO major stratigraphic positions. In the northwest part of 
the study area near Glenbow Lake, Beddington silt and clay 
overlies Indus till. Throughout the remainder of the area, 
it exclusively overlies Beddington till. A single occurrence 
of Beddington silt» and clay overlying bedrock, is found on 
the northeast flank Of Pine Ridge Upland in Test Hole 76-69. 
With the exception of the buried Calgary Valley system,,.the 
Beddington silt land GClayeoccuretacea vsoUrLiczal ~unit.. At 
thisstatter socal ty, beqdingtonecr te rand Clay 1s rover lain 


by the youngest till in the study area. 


On the Nose Hill Upland, Beddington silt and clay is 
generally quite thin, as in Test Hole 74-55 where it is five 
feet thick. ‘An exception occurs in Test Hole 74-78 where the 
silt is 50 feet thick and appears to occupy a low within the 


post-Second Glacial Event topography. 
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Within the Bow River valley, east of the Bearspaw Dam, 
Beddington silt and clay reaches a thickness of 77 feet in 
Test Hole 74-83. At Test Hole 74-59 on the south side of 
the Bow River, a minimum thickness of 96 feet was encountered 


as the base of the unit was not reached. 


inthe clenbow fake area, beddington silt and clay 
Sverrres Indus tril.” The thickest section of glaciolacus-— 
trine was encountered in Test Hole 78-17 at a thickness of 


68 feet. 


Within the Elbow River valley, Beddington silt and clay 
outcrops and exclusively overlies Beddington till. Beddington 
silt and clay reaches a maximum thickness of 87 feet in Test 
Hole 74-41 and wedges out in a north and south direction as 


me approaches the Cairn Hidd@and (High Burte, respectively. 


At Test Hole 76-59, near Lloyd Lake, Beddington silt 
and clay is 50 feet thick and overlies fluvioglacial sedi- 
ments associated with deglaciation during the Indus till 


glacial event. 


Within the City of Calgaryaproper, Inventory, Test Hole 
1952 records 108 feet of glaciolacustrine sediment _on, the 
north bank of the Bow River. Between the Downtown area and 
Midnapore, there is a complex interbedding of glacial sedi- 
ments which appear to include Indus till, Beddington silt and 
clay, Beddington till and the youngest till and glaciolacus- 


trine sequence. Since depth to bedrock is less than 25 feet 
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in most cases, and the units are less than 6 to 10 feet 
thick, little confidence is placed on being able to decipher 


the =-stratigraphy : 


Beddington Silt and Clay Related Drainage Channels 


Within the Calgary area, a large number of meltwater 
Channels and spillways are associated with the retreat and 
deglaciation of the Third Glacial Event. Each channel is 
related to a drop in water level as the ice retreated east- 
ward. These lake still-stands are described from west to 
east across the Calgary area and their locations are reflected 


on Prgures 1-3 “to -l—¢€ by “the“alignment “of * meltwater channels. 


Still-Stand at Elevation 4,000 Feet 


The first recorded major still-stand in the history of 
deglaciation is the 4,000 foot level documented by Stalker 
(L968)\Ynorthkof thesTown of¥@ochranem?sihe-still<stand¢is 
reflected by a flat-topped deltaic terrace. To the south, 
the 4,000 foot lake level is represented by the Priddis 
Channel which parallels the southwest flank of the Pine 
Ridge Upland, and runs northeastward toward the Sarcee Re- 
serve. This part of the channel is presently occupied by Fish 
Creek. The channel is some 17/miles in lengh and about 2.1 
miles at its widest point near the Town of Priddis. Although 


No’ visible delta is associated with this channel, it 15) locally 


. Pee 


sant Of of a Wee saat ets esinu aay | 
wafginsh ot sids cxted ae *hedetg 2. 


é 


aint he 


=) 
- 


Le ) 


ene 
i 


i- et — 
fonmed> spantend feraladt en be a 


he 


‘ettwilem io seth epral 6 ,eets viaeten odd 0 

he. 
ans ysstter ont ditiw bedwkvoeas ae yew Liga mas 
Intceto dss sthevs fetonie. Sg80T ad~to 
jaa Sogeattes oh} of be Level. zataw ed ene 


+ jeow mort hetiasesd ate efmete-lirtea onal 


iart Soe aes cimpled ody 
Lenceato FOIE wi foa fo 2aemtE has oukt va get os ewe 


‘+ 
od 
is 
a 
ry 
4 
A 


60% eer setanontx das 


Yo yxovead oft-ad tmeteeLtade wei Bsbrioves 32 

19 2 yd botosuused Leaves send 00058 ada a's 

ai bansdmis tite ont. She ADMD % sia Fd 2 4 
Gtice sie oT .9oaitmes er EOS ~ 2 

atbhbidt. ott yd padapaatges we ie mes 

on2% af Io saat? tagwileued see atotfaxng Aa oeute 

-of e9u3aa arid biewo? brswyenes 20a ames bos. ie 

Mek? yd hotauece YEtasenteg a Idnfeits: ote to ashy @ 

t.S g0ode Bas ipnol yi aadn et amoa ee 


os : 
toate .arhbist to ayot aA dee She aaebiw ; ; im 
yi nogt” at F% Lesions Sey. ASiw maar aah on 
wa p58 ‘the | = 
ey Mant oe 
‘sa Vase 
» a a 
- 


co); 


floored by gravel, as seen on the Priddis topographic sheet 


in Section 13-21-3-W5M. 


Still-Stand at Elevation 3,950 Feet 


This still-stand is documented by Stalker (1968) from 
amgravel terrace north, of Cochrane. Although no other 3,950 
level channels are evident, it is assumed that the large, 
extensive Priddis Channel complex served to drain water south- 
ward at this lake level stage. There is a fairly well de- 
fined 3,950 foot elevation lake terrace in Section 34-21-3-W5M 
and Section 3-22-3-W5M, approximately 3% miles south of the 


TOWN. Of (‘Priddais. 


Still-Stand at Elevation 3,850 Feet 


This lake level has also been documented in the Cochrane 
area by Stalker (1968). A well defined deltaic terrace was 


formed as Bighill Channel drained into a glacial lake. 


North of the Bow River in the east half of Section 19 
and the west half of Section 20-24-2-W5M, the Twelve Mile 
Coulee delta records the 3,850 foot level. It is a narrow 
channel, about 0.2 miles at its widest point and about 1.3 


miles in length. 


A second, much larger channel also drained the Nose Hill 


Upland vats theys, 650) fevel)! thie: channel called the Reitly 
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Channel, has a well developed delta lobe which crosses at 
Enes intersection Of Highway. tA. and 85 St. N.W.. The delta 
lobe covers Sections 9, 10, 15 and 16-25-2-W5M. The upper 
part of the channel is only 0.3 miles wide, but has a minimum 
depth of 100 feet. Overall, the channel is approximately 


Oui es in cLength< 


South of the Bow River, this lake level is represented 
by the Bearspaw Channel which lies along the west flank of 
the Cairn Hill Upland in Sections 26, 35 and 36-24-2-W5M. 
ene channel is about 25 miles long, as indicated by the 
3,875 contour line on the Calgary Sheet (820/1, Figure 1-3) 
and 0.6 miles wide at its north end. The southern end of 
this channel is littered with exposures of gravel and a low 
relief delta. A water well at S.W.-26-24-3-W5M recorded 


99 feet of sand and gravel overlying bedrock. 


Within the Priddis Sheet (Figure 1-6), the 3,850 foot 
level can be traced along the Lott Creek - Six Mile Coulee 
Channel, which crosses the Sarcee Reserve in a southeasterly 
direction. The channel is over 134 miles in length, and in 
places 0.5 miles wide. It is quite shallow and lacks the 
well-defined valley sides typical of most meltwater channels. 
The maximum elevation of the channel floor is approximately 
3,820 feet. No gravels are evident anywhere along its length. 
Based on the shallowness of the channel and lack of gravels, 


it is concluded that a relatively small flow existed as this 
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Channel drained into the Fish Creek basin. 
Stil =—Stanad ab Blevation >, 750 Feet 


A fourth major still-stand is represented approximately 
by the 3,750 foot elevation. This series of channels can be 
traced from the southwest flank of Nose Hill southward toward 
Pine Creek. Along the southwest flank, the upper reach of 
eve Ranchland Channel is outlined by the 4,000 foot countour. 
The channel is not readily traced southward to elevation 
3,750. However, at this latter elevation, the 1:50,000 topo- 
graphic map indicates a gravel pit in N.E.-2-25-2-W5M and 


N.W.-1-25-2-W5M with a well defined delta lobe. 


South of the Bow River, the Sarcee Channel marks this 
3,750 lake level. This channel is located on the east flank 
SouetheiCairnvHidisUpland@in Sectionse lye 2)- 18) CIwpe. 245 
Rge. 2, E5M. The channel is approximately 3 miles in length 
and 3/4 eites in width, with an average depth of 60 feet. 
The west side of the Sarcee Channel is well defined and cut 
into bedrock. The east side of the channel must have been 


contained by ice, as the deposits grade gently eastward into 


elacrolacuserine sm) t and clay. 


The southern end of the channel is marked by the Sarcee 
Delta, a large continuous lobe of coarse gravel, sand and 


gravel and cross-bedded sands dipping southward. The north 
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wall of a gravel pit within the delta contains approximately 
60 feet of stratified sand and gravel with numerous stacked 
channel sands grading from sand and gravel at the base to 


thinly bedded silt and clay at the top. 


South of the Elbow River, the Fish Creek - Lloyd Lake 
Channel marks the 3,750 foot level. The channel starts in 
a gully southwest of Glenmore Reservoir and fans south to 
Fish Creek, turns southwest and then south into the Lloyd 
Lake basin. North of Fish Creek the channel is marked by a 
north-south slough alignment and a gravel pit in the central 
part of Section 13-23-2-W5M. From Fish Creek to Lloyd Lake, 
the channel is shallow and not less than 0.5 miles in width 
at its narrowest part. The maximum elevation of the channel 
PrOOor-atr this NOorenern end, 1s) about’ so, S307 ceet. “At” the “lake, 
the channel widens to about 1.8 miles and bifurcates. North 
of the existing Lloyd Lake, the northern channel trends east- 
west. It is some 4 - 5 miles in length with a maximum width 
of 0.6 miles. The southern channel turns southeast of Lloyd 
Lake. These two channels, whose sides are marked by the 
37750 "E00E “contour, -are “both about bt -milein ®ength, and”0<.2 
to 0.3 miles in maximum width. They both drain southeast 


into the Pine Creek basin. 


No evidence for glaciolacustrine deposits was found 


above elevation 3,750 in the Lloyd Lake area. It appears 
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that this basin acted as a holding basin to carry flow from 


the Elbow and Fish Creek Valleys to the southeast. 


Still-Stand at Elevation 3,650 Feet 


Another still-stand in glacial retreat is represented 
at the 3,650 foot elevation. Much of this channel is ill- 
defined due to its shallow nature. It is identified on the 
topographic map by the presence of elongate sloughs along 


its course, as well as occasional gravel pits. 


On the Calgary Sheet, the still-stand is represented by 
three well defined and one poorly defined channels. The most 
prominant channel is the bedrock incised Beddington Channel 
in the northeast flank of Nose Hill. This channel extends 
some 25 miles northwest to beyond the study area and is approxi- 
mately 0.8 miles wide with a maximum depth of 80 feet in 
N.W.-21-25-1-W5M. Moderately thick gravels overlie weathered 
bedrock along the channel walls. The Beddington Channel gives 
rise to a major delta at its southeastern end. The topo- 
graphic map indicates extensive gravels covering the north 


half of Section 15 and the south half of Section 22-25-1-W5M. 


Another channel, documented by Meyboom (1961) but 
unnamed, parallels the southern flank of the Nose Hill Upland 
and is herein called the Highland Channel after the Highland 


Golt Course which its Located within the channel. . This 
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channel is approximately 4 miles in length and about 0.6 
Mileseat acts widest points 1 ft covers Sections: 28, 29,31, 
32, 33, and 34-25-1-W5M. The presence of gravel pits at the 
western end of the channel in S.E.-31 and S.W.-32-24-1-W5M 
suggest that this channel may have been reused by a subse- 


quent advance. 


South of the Highland Channel in N.E.-19-24-1-W5M is 
the North Hill Channel which drains southeastward from 
MeMahon Stadium. It iS a short channel, about 1 mile in 
length and 0.5 miles wide. An Inventory test hole, I 2533 
encountered 46 feet of a mixed lithology of gravel, sand, 


silt and clay overlying bedrock. 


South of the Bow River, the 3,625 test level becomes a 
little obscure but can be traced as a shallow, broad channel 
from the Alberta Childrens' Provincial General Hospital 
southwestward through the Mount Royal College campus nines 


a small delta extends eastward off the main Sarcee Delta lobe. 


South of Glenmore Reservoir, the channel is traced along 
an alignment of sloughs in Section 7-23-1-W5M. A gravel pit 
is visible on airphotos along this alignment of the south 
bank of Fish Creek in N.W.-31-22-1-W5M. The channel continues to 
follow depressions marked by the 3,650 foot contour in Section 
30-22-1-W5M, then swings easterly to join the northern Lloyd 


Lake channel before moving southward into the Pine Creek Basin, 
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Still-Stand at Elevation 3,550 Feet 


On the Calgary sheet, this still-stand is reflected by 
the bedrock incised Nose Creek Channel which forms a major 
geomorphic feature in the east half of Twp. 25, Rge. 1, W5M. 
It extends some 30 miles in a north-south trend and is approxi- 
mately 0.5 miles wide with a maximum depth of 40 feet. Most 
of the channel floor is bedrock with overlying discontinuous, 
but widespread gravel bars. The extent of gravel deposits 
is seen on the topographic map in Sections 1, 2 and 10-25-1-W5M 


and Sections 13 and 35-24-1-W5M. 


The southern extension of this channel occurs along the 
Elbow River where it makes a right angle bend at the Glenmore 
Reservoir. It is traced further south through an alignment 
of sloughs on the Canyon Meadows Golf and Country Club, a 
gravel pit at S.E.-5-23-1-W5M, and another alignment of 
sloughs in the east. half of Section 32-22-1-W5M. The 3,650 
and 3,550 foot level changes amalgamate at the northern Lloyd 


Lake Channel. 


Still-Stands At Other Elevations 


Three other channels, documented and named by Meyboom 
(1961) occur in the southeast corner of Twp. 24, Rge. l, 


W5M and are traceable as far south as the confluence of the 
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modern-day Pine Creek and Bow River. 


The Macleod Channel at an approximate elevation of 
3,450 feet, follows Macleod Trail southward through the City 
of Calgary. It can be traced by extensive gravel pits in 
the north halt of Section 10 and the south half of Section 
15-23-1-W5M; gravels pits south of Midnapore in Section 34-24 
1-W5M; and along a long, narrow slouch and more gravel pits 


north of Academy. 


The Burns Channel represents the 3,325 foot level of 
deglaciation. This channel starts in the East Manchester 
Industrial Park and follows a CP spur line southward to the 
smelting Plant an the South) halit of Section 26-—23-1-W5M. 

From here the channel parallels a well-defined gravel terrace, 
passes near the Bonnybrook Sewage Treatment Plant and joins 


the Pine Creek Channel at Section 8-22-29-W4M. 


The Ogden Channel is the lowermost channel at elevation 
3,300 feet and contains the modern-day Bow River. The gravels 
in these latter two channels are probably a mixture of 
Beddington fluvioglacial deposits and post-glacial river 


gravels carried from the west by the Bow River. 
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Fourth Glacial Event 


The Fourth Glacial Event was the least extensive glacia- 
tion. All evidence suggests an ice lobe advancing from the 
north. This ice mass left a thin veneer of till over the 
lowland areas except where it infilled meltwater channels 
formed in the previous glacial event. Although the southern 
extremity of this advance is not identified within the study 
area, an east-west-trending morainal ridge occurs south of 
the Bow River from Twp. 19, Rge. 23, W4M westward toward 
the Town of Okotoks. This morainal ridge is broken only by 
the Highwood River and Arrowwood Creek drainage systems. The 
ridge is rather well marked by the 3,500 foot contour south 


of the Bow River on the 1:250,000 Gleichen sheet. 


Stratigraphic evidence for this event is provided by 


the liquid limit parameter, stratigraphic position, and the 
percentage of igneous-metamorphic components in the coarse 


sand fraction. 


The main deposits associated with this event are the 
DeWinton till and the DeWinton silt and clay. Meltwater 
channels associated with deglaciation of this ice mass have 
reoccupied former channels cut during the Third Glacial 


Event, in particular, the Glenmore Channel. 
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DeWinton Till 


Stratigraphic. Position, Distribution and Thickness 


The name DeWinton™tiii is proposed for a clay silt till 
found north of DeWinton within the old Calgary Valley drainage 
system. The type reference section is represented by Test 
Hole (7-38 which contains, 40! Eeet of till overlying 53 feet 
of Beddington silt and clay; and underlying 27 feet of clean, 
BLONeCetree, medium to “eoarsescangwof probable fluvioglacial 


Se rerin, 


Although the DeWinton, till is found to occur in three 
different stratigraphic relationships, the most common is 
DeWinton till overlying Beddington silt and clay. sfhis«re- 
lationship is encountered in a number of test holes - 76-40, 
/6=42, 576-74, 76-76, 77=—42,7/7/-22, and 77-38, and is restricted 
to the Calgary Valley drainage system or to previously eroded 
meltwater channels. Within these buried channels, DeWinton 
till varies from 10 to 15 feet with the exception being the 
type reference section. Stratigraphic relationships within 
the Calgary Valley are illustrated in cross-section Figure 


4-14. 


Pn the nor theastepart ofmcheystudy area, Fr1liqas found 
as a discontinuous, unit overlyingeindus, till into which it 
probably grades eastward. Till thicknesses of 15 to 30 feet 


occur in Test Holes 76-22 and 76-3, respectively. 


soantoid? hee + secant ‘ 


pie ics. of _— 

seca Beh | ee 

flit ¢Lie yvkiv 5 1202 eeeqeae-a: 2122 woe om | 

gpeiierh yelle¥ vuepis® BO aad aati cy ansalwet- to te 
jee yd Letassssge' ey AOR OSp acngaetss nave oft 

$H6% 2 wobylseve lite Id aeet DP ee ae Antite, @ ~ 


eatin Yo ton? US chivtzeQay| bes ate. — sila | SFE 


oy ae tel? aftadoya %¢o OSE. 3 G2 3H, ot vais bed ey 
/ 
yal 
if? i mitom of benod, 21 hihed. dokniean arid o's 
: = 
at acim@be J208 ais as sh0L oe soy ee pclae 


io 
it. «yeieohae atx nec epee galylasve [623 Rod 


a. 
Of awk ee od) {a i 2 sen) io Techs s red Saternsnrsita ai ee. ae 
| bana 

ppaat atau: Au Gwe 8O4TY) Ble rraas sae? at-ae eat, ah 


~ Bebesie. xg! uogve7g oF ih jaggy ap urt ae uaa’ "expend 4 
fost eed eleritsrte bad tind pain ehagth -ptonneds, ; ee | 
adit paied noligeccs old Melw seg, él Q@ as wes: on tov ft 
a byt tse ag titane binge. qcdgabpad siya aaa 7 


rim tt nbssg ere eO 1S al bod avtawils ors wonter & 
Pe a - vs A@e 

« ; ry 
booed wi’ £2 ape Bide ay te 21Ng an 2 
tt thakes oda inks 2uibrt patybreve ~~ swant trax 
Sept Of oo 1 26 gaseensaids 61:7 Sete wotione. cf 


. (lew aaqess weer bne ee aalont gaat 
ot 2 


me 101 7 
Law = ay) 
. r oa : - es 
i) 7 VP oj rj 
f t 
; 7 Me 


NEPAL Ie 


000’0S:T 
00S‘T:T 


AeTTeA Mog HbuoTW uot 3oeSs-ssozrD YANOS-UAAON 


*SH 
*SA 


TTt4 snpul 

Key os PURLa TTS. stPpur 

TIT}? uozbutpped 

AeToO pue 4yTts uozZbutppeg 
TTt4 uUoRVUTMeAd 

AeToO pue 43TTS uoz,UTMSG 


-OtmoOid O1Tuderbraeags 
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Southwest of Calgary near Academy, DeWinton Till occupies 
another buried channel which occurs at an approximate eleva- 
Elon. OL 3,625 and 3,650 £6et. Three test holes, 76-108, 
76-117, and 75-14, are aligned along this channel. Along 
this alignment, the till approaches 100 feet in thickness. 
Figure 4-15 is a cross-section along this former channel. 
miewsthackness of trill an thrsichannel is in sharp contrast 


to much thinner drift in nearby test holes and water wells. 


A second cross-section, Figure 4-16, illustrates the 
stratigraphic relationships across the channel from the Lloyd 
Lake area to the east. The Lloyd Lake plateau has Beddington 
Spicevand clay overlying Beddington till. East of a ridge 
through Test Hole 76-54, DeWinton silt and clay overlies 


DeWinton till. 


In the Blizzard Lake Area, DeWinton till is found 
wedging out against-bedrock. It is in the order of 15 - 20 


feet thick in Test Holes) 75—7rand. /6-75. 


Limited distribution and/or erosion of the DeWinton till 
has’ madéwit difficult to trace; wpernticiwwarly in the City of 
Calgary. A number of Inventory test holes (1710, 11660, 

128 UG, 9b) 503,. D246), 2928" (P2016, 1290385 118 andersy2) all 
record thin multiple till sections and relatively shallow 
depths to bedrock. Assuming these multiple till sections 
represent the two youngest tills, because of the shallow depth 


to bedrock, it follows that they are probably Beddington and 
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DeWinton) tills... Assdiscussed in Chapter III, the liquid limit 
approach to correlation is ineffective for till differentiation 


where units are thin or interbedded. 


The relatively thin nature of the DeWinton/Beddington 
tilis and their associated glaciolacustrine or fluvioglacial 
deposits can be observed in Tharin's (1960) Airport Section 
enon his. Incinerator Section. The Airport Section is located 
in a sewer outfall gully in S.E.-2-25-1-W5M, and contains two 
tills separated by glaciolacustrine deposits. Liquid limits 
Cencucted on the upper and lower tills yielded values of 32.0 
ander25.4', respectively. Simidarly, at the Incinerator Sec- 
tion located in S.E.-3-24-1-W5M, two tills are separated by 
acustrine and glaciofluvial deposits. ~The upper till yielded 
Seliculd. limit valie of S0.98andstie, lower tril -a yalue of 


DEES, 


The distribution of the DeWinton till indicates a minimum 
elevation in the order /on 3,625 20,5) 050 feet as the Limat of 
thewice mass during thevrourth Glacial Event.) This elevation 
is determined from channel infill deposits along the approxi- 


mate Glenmore Channel alignment. 


Physical Attributes 


Laboratory analyses conducted on till samples of DeWinton 


till have shown the following range of values: 
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where N = number of samples analyzed 

X = mean 

R = range of values. 
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The following table compares the results of the physical 


properties of the tills thus far described: 


Parameter Glenbow Indus 
LL Lede 3556 
S/ (M+C) 0.06 0.36 
IM absent Lae 
MC = 14732 
17 (iM) z= 0.66 
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The data would indicate a contrast for the three 
eastern tills versus the western till. However, it should 
be pointed .out that only very limited data exists for the 
western Glenbow till. Among the parameters, only the 
liguid limit enables a distinction between the three eastern 


tilis. 
DeWinton Silt and Clay 


The name DeWinton silt and clay is proposed for laminated 
glaciolacustrine silts and clayey silts of variable thickness 
within the old Calgary Valley drainage system foes of the 
Midnapore district. The type reference section is represented 
Dyerest Hole /7=22. (ASLO Foot, thick unit of@pDewinton silt 
and clay overlies DeWinton till. The upper five feet is a 
well sorted, clean sand which overlies five feet of silty 


sand with till-like lenses. 


The thickest section of DeWinton silt and clay is 
encountered in Test Hole 77-38 where 27 feet of medium, 
stone free sand overlies the youngest till. Elsewhere, 
the unit seldom exceeds 10 feet in thickness. A strati- 
graphic section illustrating the geologic relationship 


is shown on Figure 4-17. 
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Other Studies 


An examination of over 1,000 water well records in the 
study area has yielded additional information, particularly 
with respect to preglacial and interglacial valleys. While 
there is an inherent danger in accepting lithologic descrip- 
tions done by water well drillers, it has been found that 


changes in lithology are rather well defined. 


The pertinent water wells are located on Figures 1-3 to 
1-6 and lithologic descriptions are appended to this thesis. 
A summary of significant data from the water wells is tabu- 


lated as follows: 


Channel 
Location Association Remarks 
NE-7-7-25-2-W5M Calgary Valley 236 ft. of drift overlying 
bedrock 
NE~8=7=25-=2=W5M Gaigamyivalicvas 15: fe. cfidriftyes3.at. 


sand, overlying bedrock 


NE-12-7-25-2-W5M Calgary Valley 222 ft. of drift over 
bedrock 


NE-14-7-25-2-W5M Calgary Valley 240 ft. of drift over 
bedrock 


NW-4-23-25-w-W5M Nose Hill 92 ft. of gravels and 
boulders over bedrock 


NE-14-22-25-2-W5M Nose Hill Apert worate, 92 gravel, 
over bedrock 


NE-15-32-25-2-W5M Nose Hill 10; fe. drift, 100 gravel 
& boulders, over bedrock 
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SE-3-22-29-W4M 


SE-4-—22-29-W4M 


SE-7-22-29-W4M 


NE-31-21-28-W4M 


SW-6-22-28-W4M 


SE-1-22-29-W4M 


SE-34-21-28-W4M 


NW-20-23-1-W5M 


NW-1-23-2-W5M 


SE-5-23-2-W5M 


NE-28-22-w-W5M 


NE-30-22-1-W5M 


NE-34-21-1-W5M 


SE-36-21-1-W5M 


NW-13-21-1--W5M 


Calgary Valley 


Calgary Valley 


Calgary Valley 


Calgary Valley 


Calgary Valley 


Highwood Valley 


Calgary Valley 


Calgary Valley 


Calgary Valley 


Calgary Valley 


Glenmore Chnl. 


Fish-Lloyd Chnl. 
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138-£t. arift, 22° gravel, 
bedrock 


16S tte cdritt,.24* ‘gravel, 
bedrock 


1S6enC., Ont, Glingravel., 
bedrock 


155fe. Oretit, 725: gravel, 
bedrock 


16> Et ydritt, 42 Voravel; 
bedrock 


205 ft. drift, bedrock 


1S2eft) draft, 42), gravel, 
bedrock 


I26.fewdrite, 
bedrock 


9' gravel, 


150: ft. drift. bedrock 


Zenomitiye 2" sand & 
gravel, bedrock 


156 ft. sand & gravel, 
bedrock 


110 ft. drift, bedrock 
100 £&. drift, bedrock 
#85 tte Gri ft pi2! .guavel 


160 Tthicniée, 25h gravel, 
bedrock 


34°. ft. fdrivft, 66" “gravel, 
bedrock 
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CHAPTER V 


GLACIAL HISTORY 


General Remarks 


The borehole stratigraphy and geographic distribution 
Oreune titis discussed previously, provide evidence for three 
and possibly four significant glaciations with the Calgary 
area. Ice margins were reconstructed by examining the stra- 
tigraphic sequence and distribution of subsurface units, the 
liguid limits, and the location and elevations of the various 
meltwater channels and major spillways. Considerable emphasis 
has been put on the use of the liguid limit parameter to 


determine the position and extent of the ice fronts. 


Pleistocene Drainage Modifications 


The preglacial and/or interglacial drainage patterns of 
the study area were fundamentally the same as today because 
of the bedrock controlled uplands, between the valleys, which 
restricted drainage changes. The drainage, through the gla- 
cial period, was undoubtedly modified by subsequent major 
ice advances. Evidence for this is provided by the number 


of tills which are present within the valleys. 


First Glacial Event 


During the First Glacial Event, ice moved eastward out 
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of the Rocky Mountains down pre-existing glacial 

valleys and coalesced over the foothills to form a 

piedmont glacier. The eastern extent of this glacier has 
been traced to at least south of Shepard. Although limited 
till deposits associated with this advance have been uncovered 
to date, a number of thick glaciolacustrine sequences are 
found occupying the incised Calgary Valley system. Based on 
the data control available, it would appear that preserva- 
tion of deposits associated with the First Glacial Event are 
confined exclusively to the ancient Calgary Valley system 
where they underlie the material deposited from the earliest 


known eastern advance. 


Retreat of this ice left a number of newly created 
drainage valleys which became infilled by subsequent ice 


advances. 


Second Glacial Event 


The time span between the First and Second Glacial 
Events is unknown. There is no evidence for buried soils 
between these deposits and those of the preceding advance. 
However, deep tributary valleys to the main Calgary Valley 


were incised during the post-glacial period. 


During the Second Glacial Event, continental ice moved 


westward from the Canadian Shield. The glacier associated 
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with this advance was thick and extensive, as it covered 

old river valleys and all uplands within the Calgary area. 

The maximum westward extent of this ice mass is not known 

and presumably lies somewhere to the west (Jumping Pound 
Creeks) OL the study area: The prominent Bighill Creek Valley 
in the northwest corner of the study area may represent an 

ice marginal channel for this glacial event. However, bore- 
hole data west of this valley was not acquired, so that the 
origin of the surficial deposits is unknown. Ice from this 
second event reached a minimum elevation of at least 4,350 


feet a.s.1l. Deglaciation during the Second Glacial Event is 


recorded solely by glaciolacustrine deposits within the buried 


Calgary Valley. 


The ice mass must have remained at the eastern edge of 


the study area for a considerable period of time, for the 


till deposits are surficial units as well as occupying pre- 
Second Glacial Event drainage valleys, most notably the Indus 
Tributary Valley. A low relief morainal ridge is believed 

to mark a major standstill of the ice mass: ‘The morainal 
ridge trends northeast - southwest through Twp. 23, Rge. 29, 


and culminates in a delta complex at its southwest end. 


7) ais iy 
Reteras t¢ Bc mo Avid | - ene 
sete y¥aniad® ste narkd Be) baat ite pyle: a 
kwon 40M At eenot Ss wits zo snetxe Bs 
Saved paitawt) desw bas oF gictwomoe wiht 
siis¥ 4570 ILatela Iara itt | 9TH waits 
fasesdaet yar cats Veddu sca to tprres asi 
-s7oe  aevaont ..oeeve Lalor alts xe? Lanmsls” 
ve dow wee qollev \akie to: 
“4k 9ST: .awenttie 2h edtabeet hetoktswea oat es 
‘é.) t2e6et Bs ™ 78 nie cain hatin 6 beriesst | 
=f anergy basil eqytea ate potatly aolow ioral pent . 
ort act iw edtacgeat stiidavoeloinete. yds ietoa ys 


| vrata <t 
| a 1. as a ’ 


to opis ogesede sot 28 Benin t Svan fam oe 
o43 203 jemi? To Solteg piitenebesane ‘a 2 sot hice 
site: paoyaueso: ws. DLow- em: aaa Hepp ine, oh a 
abbas. tis gideyot satin | oneottion sqspaat diioit 
beveiied al egbs tamebeehl Donte wk A ree i. 


a sy | 
Larrea zos autir- 22H ett agi ‘ter eens 
2f coeh (eS cer solr seduitco, - tangqddx0n 


ino Jeowisoee ae $5 xolqso ajviob al 


Ft 


ats 


mr 


142. 


Third Glacial Event 


The Third Glacial Event was the last extensive 
glaciation within the study area. Glacial flutings and 
push marks record an ice flow direction from the northeast 
for this event. It appears that a Cordilleran glacier 
within the Athabasca Valley was responsible for quarrying 
the quartzite erratic blocks. However, the Laurentide ice 
sheet was responsible for distributing the blocks as a 
narrow belt of erratics on the western outskirts of 
Calgary. The deposition of the quartzite erratics was 
initiated by changes in elevation, particularly bedrock 
uplands. As the ice thinned over these uplands, the 


erratics grounded out. 


A small kame deposit on Cairn Hill yields a 
minimum elevation of 4250 feet for advance of this ice 
Mass. Albeit thin, ice is ianterreda to have overrun all 
the bedrock controlled uplands within the Calgary area. 
The maximum westward limit is not attained within the 
study area, but probably lies in the vicinity of Jumping 


Pound, Creek. (Tharin, 2960)% 
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Almost all the geomorphic features present within the 
west half of the study area are associated with the deglaciation 
of this ice mass. Deglaciation is characterized by numerous 
meltwater channels and extensive glaciolacustrine deposits 


as the ice mass retreated east and northeast. 


An upper limit for glaciolacustrine deposition at ele- 
vation 4,340 feet is found within the Whiskey Creek valley 
in the southwestern part of the Priddis sheet. The assump- 
tion is made that the retreat of the Third Glacial Event ice 
mass waS a continuous regression, with lake levels dropping 
as the ice retreated eastward. Impoundment of glacial waters 
is believed to have taken place between this ice mass anda 
western source ice mass further up the modern-day Bow Valley. 
Although lake sediments are found as high as 4,350 feet, the 
first major stand-still for the ice mass was at elevation 
4,050 feet giving rise to the Bighill Meltwater Channel 
northeast of Cochrane. Stalker (1968), studying the geology 
of the Cochrane terraces described three major deltaic 
terraces above the townsite. Terraces at 4,000 feet, 3,950 
feet and 3,850 feet were all considered to be the result of 
deposition of outwash from Bighill Creek into successive 


stands of Glacial Lake Calgary. 


South of the Bow River, the 4,000 foot lake level is 


represented by the Priddis Channel trending north from Priddis 
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to the south near Millarville. ~The 3,950-foot lake level 

does not appear to be present north of the Bow River. South 
of the Bow, it is assumed that the lake level dropped accor- 
dingly, but still maintained its position within the Priddis 


Channel. 


A second still-stand occurs at elevation 3,875. North 
Seetie bow River, in section, 15,.Twp. 25, Rge. 2; the Reilly 
Meltwater Channel drained into open waters of the Bow Valley. 
The same channel can be traced south of the Bow River in 
section 25, Twp. 25, Rge. 3. This channel enabled water 
within the Bow Valley to spill southward into the Elbow Valley. 


The glacial lake impounded within the Elbow Valley apparently 
existed independently of that occupying the Bow Valley except 


for the Reilly Channel connection. 


The Elbow Valley drained southward at elevation 3,850 


through the Lott Creek - Six Mile Coulee Channel and into 


the Fish Creek Basin. 


A eth no estiell—stand) occums; atieam approxmmatecds, 150iceioot 
elevation. South of the Bow River, the Sarcee Meltwater 
Channel occupies a "side-hill" position on the east side of 
the Cairn Hill Upland. The south end of the channel contains 
a raised delta feature in Sections 1 and 2, Twp. 24, Rge. 2. 
North of the Bow River, the Sarcee Channel can be traced to 


another short channel which drains Nose Hill. A small gravel 
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deposit, presumably a delta, occurs at the south end of this 
Cnannel iit Section, (2,6 twos.) Roe. 2. “This channel; at 
elevation 3,750, permitted a second connection between the 


Bow and Elbow Valleys. 


No evidence of glaciolacustrine deposits from the Third 
Glacial Event was found above elevation 3,750. It appears 
eevee vit s=basinv acted as a noldrng ‘basin™@to* carry t low’ from 
the Elbow and Priddis-Fish Creek Valleys southeastward through 
two parallel outlet channels into the Wilson Coulee Meltwater 


Channel. 


A fourth still-stand occurs at an approximate elevation 
Giese 0255 CO 137050 Teele tis. strllctandwas. well asthe. next 
three, are apparently short lived. South of the Bow River 
the channel crosses the Mount Royal College campus and then 
swings slightly eastward near Lloyd Lake and continues east 
until it passes south of DeWinton into Wilson Coulee. North 
of the Bow, the channel passes through the present area of 
McMahon Stadium. In addition, two other channels occur at 
the 3,625 elevation mark on the south and northeast sides 
of the Nose Hill Upland. The Highland Channel formed in 
the vicinity ot the Highland Golf Course as ice began to 
stagnate on the Nose Hill Upland. This channel was developed 
concurrently with the bedrock incised Beddington Meltwater 
Ghannel onthe northeast flank of the upland. As the ice 


continued to retreat eastward, continued use of the Beddington 
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Channel resulted in the formation of a delta as meltwater 


flowed into the proglacial lake, ponded between the Nose Hill 


Upland and the main ice mass to the east. 


A fifth still-stand occurred at an elevation of 3,525 - 
3,22990 feet and resulted in the blockage of the interglacial 
Elbow Valley drainage. The meltwater channel parallels the 
right angle bend in the river at the Glenmore Reservoir and 
proceeds southward to tie into the Wilson Coulee Channel. 
North of the Bow River, this still-stand is reflected by 


the bedrock incised. Nose Creek Channel. 


South of Calgary, in the Ogden-Midnapore area, two 
other shallow channels mark retreatal stages of Glacial Bow 
Lake. These are the Macleod Channel at elevation 3,450 and 


the Bonnybrook Channel at elevation 3,350. 


The last documented channel is the post-glacial Ogden 
Channel in which the modern-day Bow River flows. The eleva- 


eon OL the £loor of this ichanmemisce approximately 3,300 feet. 
Fourth Glacial Event 


The Fourth Glacial Event was the least extensive gla- 
Ciatron; Wt ‘reached: an elevation of about 3,625-feet. This 
ice mass advanced from the north leaving a thin till veneer 
over the lowland areas except where it infilled meltwater 


channels from the previous glacial event. Although the southern 
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extremity of this advance is not found within the study 

area, an east-west .trendingamorainal<ridge occurs south of 

Bow River from Twp. 19, Rge. 23, W4M toward the Town of Okotoks. 
This ridge is broken only by the Highwood River and Arrowwood 


Creek drainage systems. 


An extensive low morainal ridge trending northeast and 
lying south of the Village of Shepard appears to mark a major 
recessional moraine in the overall retreat of eastern ice 
which remained essentially stationary along the eastern boun- 
dary of the study area. The south end of this ridge ends in 
a small delta complex. The ridge is easily traced northward 


along Chestermere Lake to at least Delacour. 
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CHAPTER VI 


SUMMARY AND CONCLUSIONS 


the Pleistocene stratigraphy of the Calgary area is 
recorded by deposits associated with four distinct gla- 
Cialcevents.* The oldest-glacial event is inferred from 
fragmentary evidence of an early Cordilleran ice source. 
The other three glacial events are associated with the 
advance of Laurentide ice. The following composite 
stratigraphic column, from youngest to oldest, has been 


determined for the Calgary area: 


PDeWinton silt and clay Fourth Glacial Event 


DewWwinton till 


Beddington silt: and clay Third Glacial Event 


Beddington till 


Haws Silt andvciay Second Glacial Event 


mnCUSACI ee 


Glenbow silt and clay Piest Glacial Event 


Glenbow till 


Saskatchewan gravel and sand 


Paskapoo Bedrock. 


The stratigraphic relationships of the proglacial 
lake sediments and tills to the ice fronts provides 


evidence that the Cordilleran and Laurentide ice-maxima 
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during each glacial event were not synchronous and that 
the valley glaciers had receded considerably before the 


continental ice sheet advanced into the Calgary area. 


In this study, the stratigraphy has been elucidated by 
application Of a new approach to till. differentiation and 
correlation - namely, utilization of the liguid limit 
parameter. This technique is strictly a subsurface tool, 
Since it iS a prerequisite to minimize weathering and re- 
working influences in order to successfully apply the 
method. By means of key test holes containing multiple 
till sections, a number of till advances have been 
identified - each associated with a distinct glacial event. 
The ‘cHaracteri sti aiquid Wimit ‘ofVeach’ basic ‘til unit, 


from youngest to oldest, is summarized as follows: 


DeWinton till 54.8 
Beddington till 28.4 
TiC UStet teh: 35,0 
Cochrane t1riL 1S. dy. 


It has been observed that while other physical properties 
can vary laterally and vertically, the liquid limit para- 
meter is remarkably consistent. Variations in liquid limit 
values are relatively easy to interpret in spite of many 


possible influential factors. Success of the method lies 


: an re 7 ay ; 


760 Rinks aloiiiosill sense aievs: 
‘Nail erbbed tide aban: ees bad. 4 


bee (tepled aug ost feonsvbs aie 
as 


>i! 


pas ae spite + 


a 
ua, 3 


qd berehiouls nes eet taabhnstnte ce conn 


Soe motes sisinaiatiniateines ita 62 Hasan wus weet ston 


 s 


ll 


fimil Biopl ‘sir Yo woryaultisn )(iamed =~ 4 £2 
loo7 ‘suetiiedss 4 ulasl <3e ek etpiridosd sine - 


piiaiwisaeow mrerir at ahaa iad & ray 


oe 


etig yfoqe yid vheeansaue os gebse oe asonauliak 


.. 


rs : 4 


5) SUT PEaLSInseD 20,01 Fas? ball Ae enna ¥a 
nsed syed 2boréevin. L122 te Dari B48 1OLF9 

-onsve Laioale scot JeLD 6 re lan) boseipomas foto‘ beltts 
‘tow Eid ope@”) ruses ce Giepes, ahted«s 


:2woliod. 26 bes ‘sitesi ai : ausato ‘of 33 


iI 


5 tt wee fainted’ 


re see: codynibBeg 


aj2t Litt asbat 
BL . fis ems t1O0D . ve J 
i on 
29 iP TSGOLG taatoyda veut elidw teat beveaedo auea” a 


~Kteaq timit Stopzt oa WWifsolivey bas viletessl ene 


+ bok t mbt ot Moot PetseV  .2Heteienos yTUestames eh 


les 


Van 26 aatqe si texgtegnk ef Yass yieviseleér ous asH ae > 
eetl tonten sity tb soo w20sie? [si jnebl dal si 
es | 


i | mo a | | *" 


> ) ; ; 
a ra : 
» 
- 7 _ 


a) un 


ip % 
Gi, eee 


o ah a 


TSO: 


in the apparent ease by which the well mixed matrix 
material yields a diagnostic limit value. The contrast 
in limit value among the various till units is due solely 
to incorporation of pre-existing drift material and bed- 


POCK -coOupledswi th raprdemixing withinythe tili matrix. 


Experimentation with a limited number of geophysical logs 
indicates another potentially powerful technique for till 
differentiation and| correlation.s,iIn particular,»the gamma 
ray log is an extremely versatile log. It can be used 
tOmaccUrately MOCate tne) too. and DOctCLOm.OL beds; to de- 
fine whether the contact is sharp or gradational, and to 
indicate the relative clay content. The log is very useful 
in determining depositional characteristics of the various 
sediments in terms of stable, fining upward or coarsening 


downward sequences. 
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sional pebbles 

20-35 Till, silty clay, yellow-brown, stoney 

35-45 Gravel, sandy, very coarse, unable to penetrate 
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0-27 Till, sandy silt, yellow olive-brown, stoney, 
some banding, grading to silty. clay 
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O- 7 Sand and clay, yellow brown, some rafted pebbles 
7=20 Till, clay, greyish yellow grading to olive brown, 
stoney 
20-32 Sand and gravel, yellow, unable to penetrate 
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30-40 Sand and gravel, yellow brown, granite pebbles 
unable to penetrate 


\ Toit .vais- 


MeWeha-dh~ oh ~f— et 3 : - se — ' 


“ 5 
exzensh a oN 


vi 


23egelise Saag snide ., cSt, ued is eae. cet 4 
| yodcsa 
Site Osiris to witwtrbres witty: fonong: bre basa. 
tered ma sideay f 


LT. 


elev. 4110 
74-34 S.W.-4-23-25-2-W5M 
S 

LL M+C MC IM cc Remarks 
56%.5 0.386 2568 2065 slump 
Boe 0.87 14.0 Zier CL &elake 
29.4 On. 7 13.3 23.~.0 mixed? 
3032 0.36 1636 50.9 
Zou 0.44 Mes yrae 50.5 
2O mS 0482 vee Dis Bils4 DOr Ot Ue 
29.25 0.40 16.5 28.6 


O0=39 Till; sandy silt; olive brown,’ stoney 
bayer s/ = 2Omet. 
39-45 Gravel, sandy, unable to penetrate 


Pa be Oris wer 


Ce ee an ee 
2. 
SATaerse oe mz aot orn 
ou ls : eet cs | eel ot 4 a at. a 
stn 4 IT2  d.is Ohi NOg0 

Rest: Lak £.6f ve.9 
ef mht Ss, §.ai e£.0 

Qe ¢,.2@2 .'sb.0 “ey 

rs) 2 a,@8 K Le £.8 D.TL (SEsG° 7 By 

5, BS Eva Gb’ ‘ 


Vomod=. werd ovidie ition ill 
Riad * VE; 


LW 


elev. 3795 
74-40 N.W.-13-2-24-2-W5M 
se, 
id, M+C MC IM ec Remarks 
DOR Oars: P5353 Uy PS 
Pegs Ao! O29 P56 ae | EY pee; 
omeS O27 easy L6.4 ZO Oh ia iced, 
Pet OF2s T5250 SxS By fees te 
Nini One ae Oa 2S lhe eet REY pao) a ek nae ad one a 
SO) 0223 L472 WSS 
3555 O2Z25 120 Dg ee | 
34.8 0325 nF Bea Taye 3.55.6 " ae? 
Sa 0.64 ah 20: a5 
BOs OO a7 16.2 
39.9 0.04 14.3 Le e2 


41.4 0.05 12.0 


0-40 Till, clay, greyish-yellow stoney 
40-55 Bedrock-Till, yellow brown, numerous clay 
nodules 
559-75 Bedrock, shale, grey 
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Clay, silty, yellow-brown, becoming grey at 
250ft<71 laminated 

Till, sandy silt, moderately stoney 
Bedrock, shale, grey 
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O- 3. Silt, sandy, yellow 
3-68 Till, clayey silt, olive brown, stoney, sand 
stringers 
68-85 Bedrock-Till, olive brown 
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O=217 Till, silty) clay; olive ,brown,;stoney 
17-25 Gravel, dirty, unable to penetrate 
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0-13 Till, sandy clay, olive brown, stoney 
13-24 Gravel, yellow brown, sandy, unable to 
penecerace 
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0-3: Tidl, silty ‘clay, ecllow brown, tstoney 
38-55 Gravel, ‘sandy, yellow brown, clayey 
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0-38 Till, sandy silt, olive brown, stoney layers, 
some crude local bedding, lacustro-till 
38-50 Bedrock, sandstone, yellow-brown 
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O- 28 Clay, olive brown, laminated, some stones 
29—- 50 @fall, silty clay, comme brown, stoney, 
granite pebbles 
50-100 Clay, brown blue to yellow grey, very plastic, 
trace? stones 
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9-54 Clay, silty olive blue, rare stones, minor 
sand interbeds 

54-59 Till (?), olive blue, stoney, interbedded with 
sand 

59-96 Clay, yellow grey, plastic 
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0-43 Till, sandy silt, olive brown, stoney 
43-55 Bedrock, sandstone, brown 
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Goi4a Till sandy smlt,, olive brown, 
but decreasing with depth 
14—Vba~ Silt, clayey, olive brown, laminated 
18-30 Gravel, sandy, brown, unable to penetrate 
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57-70 Bedrock, shale, olive brown 
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O- 30 Clay, olive brown, laminated, some stones 
30- 7/7 Sand, grey, wet 

Vie OF “Till, salty clay, grey, -svoney 

97-110 Bedrock, shale, grey 
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0-13 Gravel, sandy 
13-43 Clay, olive blue, sandy in part, very plastic 
A3=83 Till,. sandy, silt, gmuey, stoney at top grading 
to low content within 20 ft. 
83-95 Bedrock, shale, olive grey 
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O- 30 Clay, silty, yellow brown, laminated 
30="55 “Silt, clayey, olive brown, trace stones 
D5- LOS" sand, Clayey, Grey, | very wet 

POS 29) fl GLey ,  stOney wayers: at LOS. = 107, 
andmie2 = ello esandy voll t 
129-145 Bedrock, shale, grey 
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O=12 Till, silty clay ,sdark greyish-yellow, 
moderately stoney 
12-20 Gravel and sand, brown, coarse, unable to 
penetrate 


2Ohb . waits 


MeW~£-86 41-9! ~.3-2 


tt We 
79 oo aa | 
C.2S “BER ‘C600 ~ Estey 
V.oS (08h Bax@,) Oss 


/ 
[Ley-de yore, ae ee pu 


Yaa » +. a » 
of eldsan ,Saxage award ’ bins oh 


2 O" 


elev. 3750 
74-73 S.E.-8-7-25-2-W5M 
-S~ 
LL M+C MC Remarks 
AGE xt: OO 
Sew 
34.6 35.5 nua ad Saal 
36.0 


46.1 O50 PANT: 


2120 

Pa fey Ox2¥ LI #8 
Lis 3 

8.0 

2250 02.95 8.2 


Dato ol lt*and clay;*vyeltewr brown, clay—silt af£,top 
grading to sandy silt at base 
15-504 Till, silty clay, moderately stoney, olive brown 


S06 s.c1ltsend claypevellowsbrown, clayey silt grading 
to clean grey sand at base 
65-70" Gravel, sandy 


oete .vele 


t 


MENMG+ESHT-8-.7.8 


es tame - sea 


 , $0ue 


jot ts. Jhie-yel> ,owood wathey (pete: 
gael se File yenae 

awoadé awiiel ,yoneta Yleos tabod oY 
Blips tp 74 ; a *¢ yt 3 reed wok fay 4 weld 


| 


Ae 


elev. 3830 
74-74 N.W.-13-8-25-2-W5M 
S 
‘ LL M+C MC IM Ox Gs Remarks 
Bo 
iT egy O22 L934 2029 
ORO ER e216) LS 4 
50 31.6 O14 16.1 ESeA0 SSO). 8 
S20 Oil? 16:60 HANS al 
BOs Orsaiah 18.9 ZOzzZ 
930. 255 450-05 LORIN S LY She at Pad ay oe wee Als ea 
AG ee 0 ..0,5 19.40 25025 
v5 28.1 0223 19...0 SQ OMENS 
oes Om24 16.9 207.2 
Pa TT OR 2 LG 5 yaa POS 
28.9 On9 16.310 Dako is PI aye heey na (opae) 
toes: Ong 2053 S15 oe 
100 
PAE eae 0226 Dae 20:22 


O- 37 Clay & silt, olive brown, some stones, 
quitesstroney 20-725 ft. ,) lacustro-till? 
3/— 63 Til) (2):, clavj- Low Stone’ content crudely 
bedded 
63- 68 Clay, olive brown, pebbly 
68-93 Till, sandy silt, olive grey, moderately 
stoney 
93-104 lLacustro-Till (?), yellow grey, stoney but 
laminated 
iDa—-117.) Tid wsandyecalt, yellow grey, -stoney, 
unable to penetrate further, too sticky 


oa 
roe he 
HEE .vaic i hh 
\ a) : ( 
SL ee ee ee 
2. | 
si7 ane —) wT 7M | yr a 


ie ORS ORR ees 
BS (of  .df0- a.1£ 
| ve . si. s6E 


, aaTos e anor ,Weord ovilo .gfite 2 yalo 
Siita-ougagebl 4. gt eS - Of Yenote stiug 
vieivfic .2nesa09-Beege wol .yelo ,(t)} Tt 
\ bsbbed 
Vitiieg «awoid avilo-..yerd 
(Aste7sbom,. wage Svito ,jilie ybase fis? 
 \erose 
sod Yoaode svete wEiiey ,(¢) Liit-osgesoed 

| Seranimet 7 
eouete , gee weliey olite ybase Ife SiL-MOeE 

yNSice Oo ( XedGaee edexceney o2 sidetia - 


» 


Oe 


elev. 4160 
74-76 N.E.-16-19-25-2-W5M 
een 

LL M+C MC IM ee Remarks 
39.7 Oe JS: 154 ES a2 

3 ag 0.25 Es aap LOG 

35.5 0.30 12:3 FO 25 

et Vas 0.28 Tiss Raa 2 o> Oeil? 
Eis pry”. 0.2¢ L208 PSe0 

S560 O29 12 18.6 


35.3 0.28 Sie Ss 


O30), Till, salty clay; olive brown, stoney 
37-50 Gravel, sandy, unable to penetrate, mostly 
quartzite, carbonates and sandstone 


' : an) ty 
; ieee 
er, ue _ ; } 7 
Hass vata ) i 
oi - Hf 
MGN+S-eo +2 [-d1-+.3.4 <3 

iyo aL 

’ q 


extent oe Mi om , See Ee 


eo) eer O64.0 “Cee 
a Of L.&@ 26.0. O88 
2 rise. - OE.G¢° CHE 
2 re. TL ~~ t AL &¢ 6 8, be ; 
a! ' t)ee 8,0 eRe 
a) t.SL  'i.G > BSE 
c.tt GRO | Eeee 
— 
; OTs" 


yenote .owerd nin yak Site: ce 
ijerm yavartseasq oF eideue. vebinsa ef 
annvebiad bas ai ik i 


a= ifs] 


LL 


Bp sw 
S20 
2820 
26.3 
27.4 


ZBaie 
28.4 
ZO2 
29.4 
S4 ak 
BD. 
NO |) 


eS 3 
£50 
HORS 
Lit 
ee 


oS) 
eA 
Lie 
Shoe: 
14.2 
13, 63 
10.8 


IM 


elev. 


Ce 


2033 
1670 
234 
22a 


26.4 
Zand 
24 
34.1 
2052 
18.4 
2 


4220 


EOS. 


Sie oo Wo 


Remarks 


Weathered? 


Soe oat ale 


Oeee ) till, ssandy siltigradingeto silty clay, olive 


brown, 
63-75 Gravel, 


stoney 
sandy, 


unable to penetrate 


Ooh, . wats 


Meh ~ eS. L£4-2~ 22:2 


eo tGiEbPr md 
‘4 ¢ 
a tS i. W ‘ 
ieee tie i - 0. 2 
wi 
? 
Ra. 
4 
4 res 
* 
i.e 
? ot 
i o , f 
4 
cs 


(le yyado yilte of paibegp tiie ybose »LLiTos 
years ,aword: §- 
\ybiwe ,fevesd. af; 


eisavanteg of eldsnayz 


= 


NS 


Ww 


ry , 


7 


iy 


e,7 
: , 
be we 
a 
- : 
i 
, i cote 


74-78 


D7 — 6S 


83 —95 


TLL Olive bDEownl, 
Chay, SL ey, 


sand lenses 


Pill, «sandy silty igeey, 
with some stoney layers 


Gravel, 


sandy, 


21.6 
1655.9 
1.3 
16.4 
162 
Loe) 
liars 

95.8 
LOS 


adirrey 


194. 


elev. 4255 


Dee 4 25-2 Wom 


IM ce Remarks 
20%. 2 

SPs 20%. 2 2. 44 E.G 
16.6 * 

ORs ZOe9 

2680 24.1 
24a 


bedded, stoney clay? 
greyish yellow, plastic, some 


LOW Stone .content 


MiWt th 416 ~b- 40,3 


S 


ad-ratias x maz Wa | , oes A ae 


his «1ste Teer 


! ¥ - 


y Yenc _pebted iil write ~L LET 
ritaslha vent iay tek yatr «gaite .¥elO tzé 
> geenel base 
7 anegs “nl . paup qoiee ywhasa: {LIT 
e:ovyel Yenoge omoe titiw 
va7th \wBase ,isvero’ 


74-82 


0-25 
Rares) 


DO-65 
68-80 


ToS. 


elev. 3685 


NeW. 13 -6=25-2-W5M 


S 
LL M+C MC IM Ce Remarks 
VS On 7 A ayes) Sans oie Ves, 
VAN Bers: On o9 1S 82 1.4 235,60 REN ee cipal eye 
SP Aee es Or. 3038 Tel oe 
Gravel, sandy, some lenses of yellow clay 
Clay, yellow grey to grey, silty partings, 
SEGEL 
Till, sandy silt, yellow grey, stoney 
Bedrock, shale, blue grey 


ex i3|M09s a Mz 4 


eee 9 f.e. RE WO es 
Pe e.4 + ti cf 0 @.¥S 
bel S.0f  S5.0' BSE 


-“ mm = 


/ sin, wolls So edbaak SAG2 apse ,levaiv 
spriguse (olie , ¥oaR OF "omp: wal toy »yald 
| tiizve 

yetot2 yore. wodley tre ps ,L Li? 
Viste ‘end: oot #oo1DSA 

? 


74-83 


25 


50 


fs) 


100 


Oras 1 


Oe) 


LL 


SAa0 
os 0 
Baie 


53.0 


Clay. 


olive brown, 


ae 


“oe 
M+C MC 
0.28 15% 
OFZ25 16: 
Ole 1'6:. 
On:2:2 LS; 


elev. 


3835 


196 < 


5.5B.-16=36=24=3=W5M 


IM ce 
d, 20k. 
1 ANG 
4 Z0i. 
2 Po. 


Remarks 
0 
2 
7 320) i. 0 
8 


Silty, interbeds of silt and sand, 


clayey silt, 


laminated in part 


olive brown, 


stoney 


<tct .veis ue 


Mew <~bL-8i 9 1- .8.8 


satkentan ro Mr m A oe 


® ia) ms 
/ 
= 
a ' 
+ 
”“ 
=f 
— 
1 
fa - *~ 
a 2 
~ 


a4 aa a7 

d.08 er a, ey \e.s€ 

£08 t,o ) 2650-~ 0.18 © 

ft ¢ 2c ¥ 0s - buat’ - “SR: Ss ct 
| ra c\8r ee O.£6 ee 


in 
‘ a « 
7 > rae % 
be ant : le 
te tree "y Da 
a; ; ; f uv vi v) 
‘4 bes, 14, Ha 
4 7) 


\ base pie +2 ba. 2G ehedrssat DLs 
atea at re ,stiwoud evila* | a 
(RODS af crwodtel eyiic. the wee sfLat “OOs 


LOW « 


elev. 4005 
74-85 NW... 13 1-9 524—-2=W5M 
ae 
LL M+C MC IM ce Remarks 
26) 0.23 13.9 22) 
332 0.23 TS 193 
Chere On:23 13.6 7.7 2a 
32.8 0.23 13.4 5.4 19.5 
32.0 0.125 1S ..{5 i 19). 5 SiGe 2.2 
29,16 0.30 14.7 19.8 
33...5 0...28 14.9 6.8 23.4 
Ss Ee 0.28 12.4 1... 
28.4. 0.15 6.3 


0=45 Till; clayey silt, Clive brown, moderately 
stoney 
43-55 Bedrock, shale, yellow 


(#000. oveks 


MgwW4S~-RE Re iti 

em < 

SATE ASE a Mz OM S+M Fa 
eS @.ct e5.0 BSE 

Ee] a.Ef. €8.0- Dees 

LS Pe O.€2 .. €£,.0 Es%S 

a. a FiOt, Sc Bee 

‘ Of Ef BOR OE 8) Oe 
Ee y .éf mh « @ 3.es° 
bE %,2 eof 84..0 @.€6 
‘ +.$f s...0 £,.i8- 

£.08 aL p. £ 8S 


asstsion ,awotd s7 tio «eee yeysis wads: e 
yeti a Coe 
woliory ‘edhe stsotbed ee 


LIS": 


elev. 3890 
74-86 S.W.-4-19-24-2-W5M 
S 

LL M+C MC IM Ce Remarks 
55% Os 20.4 141 weathered 
3824 Deus less O28 14.3 weathered 
26.4 O230 Sr Poe 
29 el 02330 1G 4 Bs, 19.1 
25759 Or 32 Pe 24553 
PRIMES O80 A Rowell Teich d, eS (laa ga esa 
28-0 Do 13),6 2210 Lee 

RSS 2900 40628" sa. 5 18.0 

RSS 28%. 6 0.28 hop) 20 h.9 
Dahte 3 Oe 28 o. L 8.9 


0-17 Lacustro-Till, clay, olive brown, banded, 
some stones 
7-53 0 lull sandy coli oven onown,.moderately 
stoney, sand lenses 
53-57 Gravel 
57-67 Rilinassilt, olive brew, -low stone content 
67-80 Bedrock, shale, yellow 


NEN~f-8S—-2L-3~.8.2 


“Th 


- d ° ‘aacae - a 
2 Axeeeos 25 Mr oe ; ae : As 
AL.0 


he yo ten a ——s OS ‘ | LEE 
oie a. ee &,@1 81.0 BEE 
eet 1.ei ) ee ». aS 
ee bat 00.0. Bat 
BSS $,e@L S6.0 ~ yes 
a Gara L,tf 96,0, 2eeas 
; : ES 22.0 6©——O 
a aa. @5,0-_0,€S 
ge, 0.9 i.@i  s$.0 #.8 
| f * 8 7 : aad Q Ee 
| vi ‘ ni : ¢ 
o ale ae? 
Le 1 
é. , Vid? 
- \ — 
fabhad (merid aito ee gto 
wee ta. | 
~ieteashon, ,awoxd evifo the - Qoeae. sft" ; 
ores ‘babes . a 
: ee _, Lovet. TE 
Pe4nOD iene wid hood ‘aehie Wtie Arie ee 
ml) welteg saieeds Averebot. 1 
| 7 Th 
ie i 
: . ae 7 . i 7 : 
a d va ; 
To. A P 5 
7 5 a t 
a bs ‘S ae? : ‘ 


74-87 


22 


50 


vie) 


100 


UO). 


elev. 3785 


S.W.-4-18-24-2-W5M 


S 
LL M+C MC IM Ce Remarks 

22.9 Oris di2 18.6 Gin 

223 Oy. 3a; 16.8 530 226 Oe OS 

22 23 O61: LAso) Soni a 

226 7.9 

19.7 8.3 


Clay, silty, greyish-yellow, laminated, sandy 
hag Wg Of- bane 

Till, sand, clayey, yellow brown, stoney 
Gravel, clean, wet 

Bedrock, shale, olive grey 


CANE . velo a 


2 
. oo ' a aa ; “ng 
MEW eSed LH k Lb WLS nN 
3 
sc ON 
estemes }*) Mr OM oe 
. . 
te, 
i 
_—~ 
if 
: 
ly = 
' 


G8 | av8l -S60> 205 
Eo tee. Seah “PRL MEO 8: 
| Lh” £8 
A T, 7 a ae 
£58: 


gl CU ad 
ay ; A oy _ 
Jana alee 
7 : 7 -) 


heerkty 


f SS ee : 
 Yhaee .dessoimsi Wolly = tayete pettie yysta Sa-0 | 
| gaa ee aes 
yanode sive wok Levy, eed bass sf LeT~ TV -e2 
jon \ebeto ,levsxD e8-Th 
yasyevelo sea : rae ines 28° 


200. 


elev. 3450 
75-1 S.E.-1-1-22-1-W5M 
et 
LL M+C MC IM CE Remarks 
Ba ion. 0.25 BY pee e0e 


Sie. 8 0:..°30 
36.9 ORR a3) 
EES) 0.41 


O=n 2 Silt, pebbly ,;.0oxidiazed 

2=) 6 Sand” and gravel, coarse 

G=25 8 Tali srityocclay 
25—531 ~-Sand- and gravel, coarse 

Sk Bedrock, unable to penetrate 


fay 


 beetbixe. ylddey 2ire Geb 
sasson ,leverp Bas bess ; 
ysto yiife \ ftir 

S23605 Lev 5a LE 
sjattoneg of eldiay ‘sisosbea \ ~Tie 


;™ 
. / 


re 


erp bas bose Le= 


oe ; : oe, hae) 


200. 


elev. 3550 


Licmy! StWrs5-l=21-=238—Ww4aM 


S 


LL M+C Remarks 


a2 “G4 
23h 0,99 
34.7 Oc 4a B2e2 4°70 6 
34.8 0.41: 


G=20 Ti), brown, silty clay 
20-28 Bedrock, siltstone 


Of2c° . vats = 


Ma 60 0 Sd 2+ .07 8 | 7 b i + 


' 
S ay r 
sAvenes 4 aes 


— a 
cy 


io Y¥ite .awead ,itip 
anesetiie ,tothsd BS: 
2 Mina vie 


2 ? r- 
i 
Te _¢# iv lay 
er ‘ a 5 
“patna | , 
4 : ‘ : i 
: a 


—" 2 
ie ’ 
. 


; af i 


202. 


elev. 3650 
75-14 S.W.-12-34-21-1-W5M 
nom 
LL M+C IM Remarks 
Sees 0229 
BYIPNS De 8} 0.4 
Be 0423 


31.7 + 0.9 


0-103 Till, grey, clayey silt, 5% pebbles 
consistent throughout 


f 
O88E . vals 
MOWs!}if~el~+Si~ .W.2 
SFT GMS MI 
i ® 
a0 
~ ie 
( ; » I a; 
Xa ion 
#,0 
e.0) 
eb ; 
eee 
| a2 ou 
HN 
o.0 
egicdsq &¢ 
i 
- - 
\ } 
. 7 
F ay i 
cX, ) 
: > ‘le : - a fy 
7 eo Sy Par 
— mt << _ , - ; 
; i - : f i a7 is 


rie cs ; 'S, OF 
: 8,0) 2) 


0, 


tite vovsln ateozp my £04: ) 
rwodpuotds dmeyaienoo™ 


oa 
5 of. a 
/ an 
7 
>, 
ees 


e@£.0 | 
oS 


cs... Coan 
SS.0- ORE 
ES .0 2.lt 
Es ..0 ‘a 


: $ = “s 
ae 
et ae 


- i 


~ ies th rr iY 


205. 


elev. 3950 
75-17 S.E.-3-34-21-2-W5M 
S 
LL M+C Remarks 
Sire OR2 7 
36.8 Orso 2 
S54 Onea3 
35%-9 05-33 
35.216 Or. 35 J Oveeo ite tay, 
SileoxrG One sa3 ‘e 
3640 
OLS Be sand lens 


0-12 Silt, clayey, yellow brown 

t2Z—15 Tih, brown,;) sandy. 

15-20) Gravel, -saity, isandy 

20=63.) Taliys black: isa ltvsclay, 

63- Sand?, hole terminated due to flowing artesian 
well 


Seee 


MEMH~S+1S-S£~f- 


PRESSMAN 


asLegdis RLMAETS GD enh Heteniared) ‘olod 1 Shnse 


at 


vets 


Oe 


- 
i e 
‘4M act 
a % ~~ is 
TS.0 ‘Seve 
SE x0 Bee 
6O0-. Bet 
SE. OCvek’ 
m.0 -8.2E 
le ee se 
€.a€ 
= ae f 
: mat a 4 y 
ripoted wihe oy cueusio: atte | 
ied dg st LkT ” 


eat ag A YISSS * Eaves i ( 
ys BS nay hg oale «flit 


beak a teh cx idl 


204. 


elev. 3780 
75-24 S.W.-4-27-22-2-W5M 
EL Remarks 
2620 
28.6 
PASSA Zoo sash US) 


O-be~ Til, *brown, sandy silt 
14-23 Bedrock, interbedded sandstone and shale 
23-28 Bedrock, shale 


O8TE .vals ~~ ! 


MEARE HATE-b- 0.8 


wT 
‘Liza Yoese. qaword . {tt 


1O7SnKse pabharty edad , sno hss 


fede ‘1 
alana \sboubed 
es, ; 
1 
mi 
Sag 
| rs ; 
vom ria, 
‘a j 
Ove 
e ¢ = 
iP = ie o> 
* 
\ 
> 
ip 
ot i LoS heal 
_ i e 


206. 


elev. 3680 


AS-26 Saw. =4=19=22-1=W5M 


LL Remarks 


2 
2832 

29.1 

29.9 

28.7 Par ee al 
26.9 or 
30.4 


O=25. “Clay, Varved,.{ brown 

25-62 Till,* brown, sandy?srit 

62-70 Bedrock, interbedded sandstone and shale 
70-72 Bedrock, shale 


a 
te- Ae | ae 
‘peat weihe Wi x | el 
oF "> 
MW Ln ak~Ri-b-. 8.8 a "Aang 
; 7 : ‘ 
RAVENS a yf ita 
— 
nf ‘vite 
| Suse 
| Li@o) 
«2,435 
| : E + “ i 84 , «8S Ay 
; a5. 
“ -B.Ge 
' ur : ; 
| i A 3 es len Sh 
> ; | “G “ 4A, 
Pas <= a 
paral <bercee xyst> a 
“afte. base ywoid! (Tha: ec" 


sishe . Sie anouvebnse bsbbsdrecet (loos bed ors pic 
; ee ae Es 


206. 


elev. 3600 
75-27 S.E.-13-19-23-1-W5M 
oe Li 
LL M+C T+M Remarks 
SOs 2 O35 Or 71 
Zeek O39 
25.4) Ons 3 
29.4 Oey, 298) 10 


29°29 Oia2s 
Seed Ora 


0-45 Silt + Clay, interbedded brown, grey sand 
Hens Gis yateel3 pm Lette and’28 i 29° £t. 

A5—70  »°Tihl, .brown,. sandy tsiLe 

70-74 Bedrock, sandstone 


DOOt..vale 


BOW L888 Lehi. LB 
x a nu 
Zien B+ J+M aT 
i | % 
(v0 BE .O $.0t 
86.9 ~—£,28 
Ef.0 Tras 
‘ ‘hw ses 
6$.0. °“@.@8 
£&.9 Wr 2 


bnibe” Tau . twee bebbedsedat e 
‘3h Of - 8 Gon 1.22 bt an i beatel » 

$ike ybosa vawoud.. LLiT ota 

ih dato cs ,AOONHsSa = BT = 


207. 


elev. 3460 
76-3 S.W.-4-3-25-28-W4M 
LL MC Remarks 
36.3 1G)..4 weathered or fill 
S59 La. 3 
ses T2.5 : Sa. Baers, 
Sus 16.8 
S55. Ss 4 ECAC MMS AW capper eee «cl (a yt ce 
34.3 24. 7% 
33:69 te eee 
55 16.4 352 7 pine. 0 
34.4 PAF 
36.2 16.0 
35.6 
39:29 


O- 7 Friis .Organres 
AOS Tin esa tre MeV ts n mR oOmOwmm tO 2 Jet tw emOalk orey 
28 Lt voto base; oracing eeOrsi Lty Clay 
63-68 Bedrock, shale, bluish green 


Mit-GE2S ~E= he, WS. | 
| ia Ki - ~ . 


ST st Ps b 


HIST jive u i | 


pat | 


aa) 


; it 6S ane ’ | 
& 24 Awotd de: 


réfo lie od pie Bapo See) 
nestp derutd oh i 


2033 


elev. 3470 
76-10 S.W.-4-15-25-28-w4Mm 
I 
; LF MC I+M Remarks 
35.6 14.8 0.83 
35.5 15.3 
3942 1250 0.64 
33.3 12-2 
25 33:3 1433 0.65 
36.9 14.4 O73 
38.4 15.2 
33.9 16.8 c[orie he nurneal 
35.2 16.0 0.54 
20 Bone ene 
38.3 16.3 
37.9 16.7 0.65 
36.0 16.3 
BGud. 
75 33.8 16.9 0.62 
35.6 16.4 
33.8 L5 6a7 
39.6 15.0 
39.0 16.3 0.68 
100 31.9 16.6 


0-100 Till, silty, coal and granite pebbles, greyish 
brown CO: 43" ft.) -dank igreyed3- lt. EO base 
LO0= 101. Bedrock, shale, light green 


Othe eae 


SAT emex ‘64 


Renae vat idtsg stinesy Sots bine eens: aes ae 
seed 02 .33 60 ysee! Fant see EO od.miotd 4 ee 
Kaerp sd aul tere nn a on 
7 


. ; ees ( 
ome hate ae te 


200. 


elev. 3570 


76-16 Sete i —- 2-25-29 -Wan 


LL M+C MC IM Remarks 


34.9 0.42 14.6 4.5 
34.5 0223 13u2 25S) 
20-9 1934.5 1.4 SO ea tee 
35.7 0.18 13.6 NS ae) 
36%5 a Zak bess) 


036 Till, sandy silt, dark greyish-brown 
BO- 50 Bedrock, shale 


nes) 


an wrre F 


ovee seek 


vf 


MPM RG-2h-k+l- Bee 


vy 


uaBb- > 


ee aisde ,Apoxbede4) 4 


= 


— 


slice yhase 


& 


& - 


frie 


- 


210% 


elev. 3520 
76-17 S.E.-1-6-25-29-W4M 
3 
MC I+M Remarks 
16.8 0.7/4 
£358 0.62 
£359 On60 325384 0.5 
mee a Pe! fe kes oe AG bene 
£333 0.74 
2.5 Og 5 
13.3 On 2 
Loe 0.69 
14.7 O69 
14.4 Oho 343 7° 44024 
185 07 0.67 a 
Las Oe ue 
Too Ord. 
gOS Peg 0.74 
14.9 Oeil 
LS 54 0.74 


0-83 Till, sandy silt, oxidized dark greyish-brown to 40 
ft.,. Gark grey trom 40meLt. to base, granites ob- 
served to 65 ft. 

83-95 Bedrock, shale, light grey 
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0-76 Tibl, —salty,: Oxidizedcedarckugreyish=brown to. 28 fb. , 
unoxidized dark grey from 28 ft. to base; light 
and dark rust colored bands observed to 20 ft., 
granites observed throughout 

76-77 Boulders, (driller's comment) 
7i-90 Bedrock, siltstone, light grey 
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O- 5 Eee road. t104 
5-37 Mild *Silty,, Oxidized darkagreyisn—brown to 28 -£t. 
then unoxidized grey to base 
37-50 Bedrock, shale, greyish-blue 
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O- 4 Pade 
4-16 Till, clayey silt, yellow-brown 
16-21 Sand, fine, yellowish-brown, water at 16 ft. 
21-48 Tih sandy. si le darkagnueyish=<brown. to 25 £t:. 
then grey to base 
48-60 Bedrock, shale, greyish-blue, fractured 52-60 ft. 
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U5 Frit 
5-27 Tel, ‘sandy "silt; “brown 
27-37 Sand, fine - medium, brown 
37=41 Gravel 
41-55 Bedrock ? no sample recovery but very hard drilling 
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coal, granites and gypsum crystals 


Sand and Gravel, water table at 20 ft. 
Till, clayey, dark grey, granites 


Bedrock, 


shale, bluish-grey 
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0O- 3 Road fill 

3-47 Trbl? sity iclay peeve! lowish—brown to: 20 ft. then 
grey, contains granite pebbles and coal; light and 
darkebanding in tein 

47-60 Bedrock, shale bluish-grey 
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O- 4 Road fill 
4-37 Til, yellowisn—brown# to: 20° Pe. then” orey; 
granite pebbles, silty clay 
37-38 Sand, coarse with some stones 
S8=106 Tid, svltywelay;’ grey 
106-120 Bedrock, shale, bluish-grey 
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O- 5 Sand, fine, dark, greyish-brown 
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5-15 Till, sandy, dark greyish-brown, light brown and 


dark grey bands, granites present 


15-30 Sand, fine to medium greyish-brown, wet at 26 ft. 


30-52 Silt & clay, interbedded fine sand, 


Sait and: clay, 


Olive brown to grey, light and dark grey banding 


52-87 Sand, fine to medium, dark grey 
Slay Till ecukty Clay sdark -orey 
97-110 Bedrock, siltstone, dark grey 
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0-10 Till, silty clay, greyish-brown 

10-15 Sand, coarse, greyish-brown, water table at ll ft. 
i5-28 Tri, tsw@leyeclay,, dark grey, “granite stones 

28- Bedrock, or boulders?, unable to penetrate 
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0-25 Till, sandy silt, dark greyish—brown, light and 
dark brown banding at 15 ft., 3 — 7%: pebbles, 
granites present 

25-28 Sand, fine 
28-45 Bedrock, shale, light grey 
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0-32 Till aSPley, Veuy, darkygreyvish=-brown to 25 ft. then 
dark grey, granites present 

32-40 Clay, “laght and dark banding 

40-60 Sand, fine to medium, some silt, dark grey 

60-75 Bedrock, shale, light grey 
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0O- 30 TiLbe sl Ley Clave, soLOwn,. OOSe Land ary 
30-128 Trid, silty, clay ;morey 95+ pebbles, “Granites 
present 
128-140 Bedrock or boulders?, unable to penetrate 
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0-19 Till, silty, dark yellowish-brown 
19-33 Till, gravelly silt, pale brown, unable to 
penetrate below 33 ft., to stoney 
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O- 51 Clay, silty, olive brown becoming unoxidized 
Olive grey at 14 ft., light and dark brown 
banding, occasional sand lenses, 1 - 2% pebbles 

py aoa Sand & Gravel, coarse, large boulders 

81-118 Clay, silty, dark grey, varved 

Ji oe ah Till, silty clay, dark grey, 7-10% pebbles 
131- Boulders (?) unable to penetrate past 131 ft. 


f 
a | 
ceae viel. 
£ 
x 
oa) 
Pow Ce bin) eiig 
4 
7 ‘ales 
* ¥ 
oI fet Tote to , : a. ahh 
2& 
' 
J 2 
—~ 
wis 
bs 
/ 
t 
¥ | 
oe = 
a 
i Ds - 
; ' 
| ; 
at > ae 
7, aes ae 
Ae a a ’ 
= 
i : 
l< 
q 
j 
iF : 
, ri ih i] 
@ 
t. h 


ogee’) 08 


6.0 wel 
> te 6 ££ 98.0 « S.8ty™ 


“tena AYSE) ‘ 
soltitog fs) = ft ¥ 


band 22000 4 . 
rsd ,tevs20 2 Das 
jiash alte ayata 
ee occ yolhe: LET 


$e (t) = HI wos an 


" sy i ce 


220% 


elev. 3525 
76-62 No ee oe ewoM 
i 
LL MC T+M Remarks 
33.5 17.4 0.65 
BES 16.6 0.976 
31.4 15.0 0.78 32.7 + 
S202 12.9 0.87 i 
33.5 12.9 0.74 
32.8 1.2.9 0.90 
22.2 12.7 0.80 
cee 14.9 0.76 
oa. 6 Oeeral: 37.3 + 
36.3 A524 0.80 


0-15 Till, saity-clay, olavegbrown),-Light. and! dark. brown 
banding, 3% pebbles 

15-51 Tidek; silty to 408festthenmelayey, 72% pebbles 

51-65 Bedrock, sandtone, olive 
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0-17 Tha, ¥sandy@siltymdark greyish—-brown -to 12’ £t. 
then dark olive grey 
BL=23 Clay 
23-51 TellpUsiltéyscilay padarkegrey 
Sa 2 Sand & gravel, wet 
52-65 Bedrock, shale, olive 


7 ftset 
ak (ae a 
o 7 P , i) wy 
Of0t cVeLS | a 
, : . oe ; A r) = 
Py i 7 
Mew E-25-1~£- S02 ; / ao 
P . = 4 7 7 
SAL BESS eat Swi Sak 
ef .0'= 8.8 bas 
£8.90 i.e a one 
; 
Lo A aldy | a.0£ 
( ye 
f } 4 Gr ms — = -~ ~ i) 
ne 02.0 1.8% v.88 '< 
Oe, we ae : 


| 


2 Sa invert Hiei vet H's stig ‘euns sagen (1 f 

- wae evita ove frets ae 
year: rele ‘pea sees dikge! ives 
tov \tévwue J Base =f 

evilo ,otede bombed Bae 


i 7 i 
7 A aS ; 
7 ; ™ ~ 7 i ™ = 


2e0s 


elev. 3700 
76-67 S.W.-5-24-22-2-W5M 

cee. 
MC I+M Remarks 
Z0 6 0.74 
56 0.66 

ORaiad Zio ae are 
A Be os! ORLA 
163-280 O67. 


0-12 Clay, silty dark greyish-brown, light and dark 
banding 
2 b> Sand & gravel, fine 
L5—32 Till, sandy, olive grey, 5 - 7% pebbles 
32-42 Till, (silty, olive qrey,. 15%, pebbles, wet at 35 ft. 
42-55 Bedrock, shale, dark grey 
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0-11 Till, clayey, brown, loose and friable 
11-25 Bedrock, shale, light brownish-grey 
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18-30 Bedrock, shale, light grey 
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O= 9 Till, silty sand, yellowish-brown 
9- 87 Sand & clay, interbedded fine to medium sand 
and clay, oxidized yellowish brown to 14 ft. then 
dark grey, contains granite fragments 
87-101 Till, clayey, grey, 6% ‘pebbles 
101-110 Bedrock, sandstone, pale olive 
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O- 12 Sand, fine to medium, yellowish brown, wet at 


Ge Lies. 
MVE R es: Clay, dark olive grey, light & dark banding 
18- 49 Till, silty clay, dark olive grey, 3 - 5% pebbles 
49- 54 Sand, fine to medium dark grey 
54-115 TebLb.) salty clay, abundant granite pebbles <=3'4=+5% 
pebbles 
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O- 7 Sand, medium, greyish-brown 


7- 48 Clay, dark olive grey, banded, 1 - 3% pebbles 
48- 53 Silt & clay, dark olive grey, pebble free 
53- 96 Till, sandy silt, dark olive grey 

96-110 Bedrock, sandstone, olive yellow 
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Olive grey, loose and friable 
Olive grey, moist and plastic 
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0-20 Till, sandy silt, dark brown, 7% pebbles 
20-28 Till, silty, olive grey, 10-12% pebbles 
28-35 Bedrock, sandstone, olive brown 
35-45 Bedrock, shale 
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Silt, yellowish-brown, some sand 

Till, sandy, light olive brown, contains numerous 
sand lenses @yl2y (13 ft. 

Clay & Silt, interbedded, pebble free, dark 
greyish-brown 

Silt, light grey, 1% pebbles 

Gravel 


241. 


OCEE . veda td peo) Ny 


Hexe Log 242 | ‘(1 


2a 7S0AF : 2M dg 


ju a 
i ' 7 y 
a ee 4 
‘ ia 
Se 7 Y 
veal 
Coe at \ 
YA Reh rae 
a wr - 1 J 
e.' By 
4 
Fis! | g -_ “s 
en a 4 
pane ; } 
J ae { 
i‘. 


; | | Rake! sats. , nwosd~ fedvoidax sue 
2 GSO Gate on 2 weet sev iia gigd £ , Yous Si? 
ai se Ae fi ~ CL S aeenel Sasa 
ash, i anne 2148 a ysia” yeas 
| bate awoid-daiyezg) = a 

_estiites » we viene tipif ,3ite fai 


ae ; | Levex0 


eae 


, 
‘ 
ri ; 
@ : 
¥ 
a 
- a 


100 


1O-S7 


elev. 3375 


N.E.-1-16-21-28-w4Mm 


LL MC Remarks 
SOSOF alse e2 
ZOCT a0 
Zee ZO Pe IOS Bia 
Deo ares 
Zoom oi t4 
3454 10.8 
Shey eR EL = NET) 
Dye mt s pad Il Pw 
Bac2 5 ‘9 Sle Senne 
SPAS RA AAAS ah 
Bh. Sl 
CLAIR 9 Gyre @) 


Sand and silt, fine, light olive brown 

Clay, silty, sandweaelight tand dark banding 
Till, silty, veuvyedark grey, 5 — 10% pebbles 
Sand and silt, brown 

Tiitl, .silty, very dark grey, 5% pebbles 
Boulders 

Clay, silty, light and datk grey. banding 

Sand and gravel, hole terminated due to coarse 
boulders 
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0-47 Till, sandy, greyish-brown, 5 - 7% pebbles 
increasing to 15 — 20% below 29 £t. 
47-60 Bedrock, sandstone 


hy 


aa fddan £F - @ ee ee eran it 
| :41 0S wohed #08 = EF oF Biiensrot “o9 
» SO are ivory 


ou 


1.€£ 8.8 
$f ~€.k8 
e.c2. See 
0.5- 2.88 
2.Gi @.8€ 
2.4. S88) 


Bids 
t bs 


Rak 


id 


Lge 
$.0E 


‘iP PEP a 


wae 


iy 


244. 


elev. 3825 
76-92 S.E.-11-4-21-2-W5M 
{et 
LL M+C MC IM Remarks 
gO aS 14.2 weathered? 
So One aus eke Pee teeeO 15 
32.6 eS. 4 
334-6) 0264. 86. 7 0 
Ste da. SO Doe eA 2 0 
285-2 bl 8 
S22 eel 
Ziheet 12.4 
owe “O.3o- iL set Orcs 
Se? La 3 DOI 2.5 
Bond LZ 
280 LS S| 
2356 Toe 2 0 
Son c B28 33.8? 
Eras c1onal co 
bedrock 


0-16 Till, silty clay, greyish-brown, 5 -— 7% pebbles 
16-236 Sand, interbedded wath siity clay, dark greyish- 
brown 
23-55 Till, silty clay fye@ark greyish brown, 10% pebbles 
increasing to 20 - 30% below 40 ft. 
55-78 Till, as above but 10 - 15% pebbles 
os Bedrock or Boulder?, unable to penetrate 
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Lacustro-Till, silty clay, greyish-brown, occa- 
sional light and dark banding, 3% pebbles 

Sand, Silt-Clay, interbedded, greyish-brown, 

< 1% pebbles | 

Lacustro-Till, silty clay, greyish-brown, occa- 
sional banding, 5 - 10% pebbles 

Sand, greyish brown, saturated at 68 ft. 
Lacustro-Till,- silty clay, dark grey, 3 - 5% 
pebbles 

Till, dark grey, 2% pebbles, sandy 

Bedrock, sandstone, brownish-yellow 
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Gravel, some coarse sand 

Till, silty clay, dark grey, 3% pebbles, granites 
present 

Clay, dark grey, pebble free 

Silt, grey, pebble free 

Till, silty, grey, 5-15% pebbles, loose and friable 
Bedrock, shale, light grey 
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0-60 Till, sandy, yellowish-brown becoming grey at 
£0 ft. 7 52 pebbles teqrading tousiity clay at base 


60-75 Bedrock, shale, greyish-brown 


Ys WA) oe Ve 


i ; ; ‘ 
‘ o> i. ui) 
we y 
if ane! f 
Qk: .vwela np = 
1a 
shy ois 
View| tt wD b nn 
t — | 
i —_e> 
sed CAS ' I — sah 
’ 
‘ ~~ 
» ie 0 & £ t E& ° 6 
OX « GEE 
ee 


‘ ’ _ & 
» Z bh =) 
: a me ~ 
0 £4 ‘Ss ,@ 
i! \ ) By Sa 


Wh, §) 
= j 
” 
é 
i 
a. 3 


te Yeee eodinonsd nwosd ~tehwot Lewy sySrtse  , tit? 

geod Je Yells yeile oF pnibesp , sefddiq ge ..93 0d 

id-fed Ye¥D » BLaviz , 200s bee 
¢ : 


J { ; 
-. ’ ~~ 
; _ ™~ vy 


} - 


248. 


elev. 3920 


46-99) Sew 4-16-21 —1=WoM 


MC Remarks 


13.4 
UiPag al 
12.0 
2.0 


fis3 
dae 
wh o8 Zoe tore Oo 
BA 


Ebi hees 

diss eS) 

ani 

ieee 

ie Te oer | Sn Ge keer Sk ik fo 
LAS) Base eects brat 


100 


0="3, “Fall 

3-80 Till, sandy silt, yellow brown changing to grey 
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0-60. Till, silty, yellow brown becoming olive grey at 
40 ft., 5 - 7% pebbles 
60-75 Bedrock, shale, light grey 
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Clay, silty, grey-brown, granites in sand 
fraction; Minors eel interbeds 
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Clay, grey-brown 

Bedrock, .sana@stone, Olive brown, at 120 ft. 
mixture of till/sandstone 
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Clay & Silt, minor sand lenses, pebble free, 
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Till, silty -clay ~aotive grey, 10% pebbles 
Bedrock, sandstone/shale interbedded 
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O- 80 Till, sandy clay, olive grey, 5% pebbles 

80- 90 Silt, olive grey with minor sand, pebble free 
90- 94 Till, silty, olive grey, 5% pebbles 

94-110 Bedrock, shale/sandstone, olive 
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O- 10 Clay, sandy, yellow brown, pebble free 
10-110 Trily.iclayey ton40 @etethendsalty, i Tighteolive 

brown to 40 ft. then grey, 10% pebbles 

110-125 Bedrock, sandstone, light olive brown 
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O- 10 Silt, sandy, light yellow brown 
50-106 Trill, silty, ol@ve ‘grey, 7% pebbles, loose, dry 
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0-19 Clay, varved, silty, pebbly 

19-48 Till, clayey, 5%, pebbiles, grey-brown to 22 ft. 
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49-60 Bedrock (?) 
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O- 8 Till, silty clay, stoney, black carbonate pebbles, 
yellow-brown 

8-10 Silt, light tan, Bamiunated 

10-27 Till as above, few stones 
27-31 Till, clay, grey, some laminated clay 

31-38 Clay, grey, laminated, plastic, some stones 

38-63 Till, ‘silty clay; stoney 
63-80 Clay, grey, some stones 

30-95 Silt, olive brown dry 
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78-95 Bedrock, sandstone, oxidized 
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6-45 Till, clayey silt, olive, quite stoney, sandy 
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45-55 Bedrock, sandstone, grey 
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ADDITIONAL TEST HOLE INFORMATION 


Water Wells 


S.W.-22-21-28-W4M: 0-86 clay, 86-130 gravel 


S.W.-27-21-28-W4M: 0-10 "sand and clay, 10-11 sand, Ll=127 


tris, 127-133 gravel 


S.E.-27-21-28-W4M: 0-125 clay, 125-140 gravel, 140 - bedrock 
S.W.-29-21-28-W4M: 0-42 sand, 42 - bedrock 
N.W.-30-21-28-W4M: 0-30 sand, 30 - 60 gravel, 60 - bedrock 
S.W.-31-21-23-W4M: 0=36-boulder ctvliyrs@ = <46"tsandy silt; 


So sLO0mert i, 1005 — bedrock 


Woke 31=2i=28=WaM: 0-60 Uctayewandsrvle, 60-63 isand, 63-166 


clay, 166-1838 gravel, 1188 - bedrock 


S.E.-34-21-28-W4M: J2b26 tb Lue lay, 226-235 igravel, L/35= 
bedrock 

N.E.-5-21-29-W4M: 0=92 CLL) 921 bedrock 

5.6.—-258-21—29-W4M: O=9 >i clay, a5 -91) trio bedrock 

N.W.-33-21-29-Ww4an: 0-100 sand and gravel, 100 - bedrock 

S.8.-30-21-29-W4M: O=12 till, 12-29 sand and gravel, 


29-79 clay and gravel (till), 79 - bedrock 
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0-84 clay, 84-150 sand and gravel, 150 - 


bedrock 


0-193 overburden, 193 - bedrock 


0-48 till, 48-185 clay, 185-187 gravel 


0-160 clay, 160-185 gravel, 185 - bedrock 


0-26 clay, 26-36 sand, 36-124 till, 
p24eI3S sand and gravel, 138-201 till, 


201 - bedrock 


0=25- \cll ay. 925-116 7 “grey clay and rocks 
(till), 167-205 cemented gravel, 205 - 


bedrock 


O=4y/ Seer, ei b= 99) grave L 


0-40 clay, 41-50 boulder clay (till), 
50-174 clay and pebbles (till), 174-195 


gravelg@anra boulders, 195 -— bedrock 


O=13 brown tit), 18=27 sand, 27-124 grey 
boulder ti11, 124-229 gravel and boul- 
ders, 129-138 grey boulder till, 138- 


160 gravel, 160 - bedrock 
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302. 
0-30 clay, 30-40 sand, 40-140 till, 
140-143 gravel, 143-165 till, 165-189 


gravel, 189 - bedrock 


0-29 brown sand, 29-110 grey clay and 
rocks (till), 110-150 gravel and boulders, 


150 - bedrock 


0-20 till, 20-60 sand and gravel, 60 - 


bedrock 
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N.W.=23=22-25W5M: 0-90 till; 90 - bedrock 
N.E.-28-22-2-W5M: O-(10eea1 ly, 1 Lor bedrock 
N.W.-8-22-3-W5M: O=SUmeway, .50-99 Silt 997= bedrock 
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